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PREFACE

This document presents the frequency allocation requirements
for passive sensors utilized in the Earth Exploration Satellite
and the Space Research Services. The document is organized into

Chapters I and II, Parts A and B.

Chapter I, Part A presents the applications and, in some
cases, potential benefits which are applicable to various microwave
remote measurements. Since measurements are required simultaneously
in multiple frequency bands to adequately determine values of some
phenomena, these relationships between frequency bands are presented.
The various measurement accuracies, dynamic range, resolutions and

frequency needs are also discussed.

Chapter I, Part B presents a band-by-band summary of requirements,
unique aspects and sharing analyses of the required frequency bands

for passive sensors.

Chapter II, Part A discusses sensitivity requirements of the
various measurements and microwave radiometry techniques while

Part B provides the detailed band-by-band sharing analyses.

In addition, Appendices I-1IV, describe the analytical techniques
applied to the detailed sharing analyses. Appendix V, presents a
bibliography of publications pertinent to the scientific justifica-
tion of the frequency requirements for passive microwave remote

sensing.
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MICROWAVE RADIOMETRY

Erergy at microwave frequencies is emitted and absorbed by
the surface of the earth and the atmosphere above the surface. The
transmission properties of the absorbing atmosphere vary as a
function of frequency as shown in Figure 1. This figure depicts
calculated one way zenith (90° elevation angle) attenuation values
for oxygen and water vapor.l. The calculations are for a path
between the surface and a satellite. These calculations reveal
frequency bands for which the atmosphere is effectively opaque
and others for which the atmosphere is nearly transparent. The
regicns or windows that are nearly transparent may be used to sense
surface phenomena; the regions that are opaque are used to sense

the top of the atmosphere.

The power received by a radiometer on a satellite looking down
at the earth may be calculated from the equations of radiative

1,2 . .
transfer ’~. For a nonscattering medium,

TA(v) = Pi;) = %; {QWG(Q)(To(v)e—T(L)+ gLT(s)B(s)e—T(S)dc]’
(1)
where TA = antenna tcemperature
P = received power
v = center frequency 81?12810%@2%:%
B = receiver bandwidth '
k = Boltzmann's constant
= antenna gain
= solid angle about the antenna
To = surface brightness tempecrature (emission plus
scattering)
T = optical depth
B = absorption coefficient
L = path length from satcllite to ground
s = position along the path
and T(s) = atmosphecric temperature at point s along the path
IIA-3
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The optical depth is simply related to the attenuation as

>

(s)
.34 (2)

' _ 8 _ (8,a(x) -
t(s) = [78(x)dx = [ (F-5p)dx =

where A = attenuation (one way)

and a specific attenuation.

Equations (1) and'(Z) display the essential features of
remote sensing using microwave frequencies. The surface
brightness temperature, the atmospheric temperathre at points,
s, along the path and the absorption coefficients are un-
knowns to be determined.from measurements of the antenna
temperature, TA. The surface brightness temperature and the
absorption coefficients in turn depend on the physical pro-
perties of the surface or atmosphere that are to be sensed.

A single observation at a single frequency cannot be used to
estimate a single physical parameter. Observations must be
made simultaneously at a number of frequencies and combined
with models for the frequency dependence and phjsical parameter
dependence of the surface brightness temperature and of the
absorption coefficient before the integral equation, equation
(1), may .= solved.

Th + 1ation may be simplified for application at fre-
quencies .n the atmospheric windows where the attenuation is
less than 1 dB. For an antenna system with a narrow beam and
for an absorber at a constant temperature, TS the equation
reduces to

T, = T,2 + Ts(l-R)

A
L = IL a(x) dx =

A _
4.34 4.33

This result shows that even in the windows, the effect of the

atmosphere above the surface must be considered.

Atmospherirc Absorption

The attenuation does not occur within a single atmospheric
layer of constant tempcrature. Figure 2 displays the variation

IIA-5
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of attenuation with frequency and height Equation 1 indi-
cates that the measured antenna temperature depends most upon
the femperature in the region along the path where the atten-
uation (total to the satellite) is less than 10 dB and little
on temperafures in regions where the attenuation is very small
or the total attenuation to the satellite is large. The temp-
erature values can be sensed at different heights or distances
along the path by selecting frequencies near the edges of the
opaque regions with dffferent attenuations which provide dif-
ferent weighting functions or multipliers of T(s) in equation
(1). The broad opaque region between 50 and 70 GHz is com-~
posed of a number of narrow absorption (opaque) lines and
observations may be made either at the edges of the complex
of lines or in the valleys between the lines. The range of
attenuation values - peak to valley for the complex ot lines
are indicated as shaded areas on Figs. 1 and 2.

A number of different frequencies may be chosen to pro-
vide a reasonable set cf weighting functions for atmospheric
temperature and water vapor profile measurements. Sample
calculations for a set of frequencies in the oxygen line
complex3 are given in Figure 3 and for water vapor4 in Figure
4. Calculations for the channels corresponding to the loucst
five frequencies on Figure 3 periormed using a statistical
procedure for inverting equation (1)4 show that for a 0.3°K
radiometer sensitivity the expected rms uncertainty in the
estimated temperatures is less than 2°C for heights above 1
km at midlatitudes cver the ocean.

Clouds and rain can provide additional attenuation when
they occur along the path. Figures 5 and 6 depict the fre-
quency variation of attenuation due to liquid water and ice
in precipitation. These curves show that both rain and clouds
may be sensed in the atmospheric windows between 5 and 150
GHz. Multiple observations over a wide frequency range are
required to separate rain from cloud and to separate these

effects from surface emission‘.
The rain and cloud droplets scatter a part of the encrgy

IIA-7
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that is lost due to attenuation. The ratio of energy scat-
tered to that lost by absorption is called the single scat-
tering albedol. Figure 7 depicts the single scattering albedo
as a function of frequency for liquid and ice scatterers. If
the single scattering albedo is zero, equations (9) and (2)
hold but when the single scattering albedo is not zero the
effect of scattering must be included in the radiative trans-
fer equation. When the single scattering albedo is near one,
attenuation is primarily due to scattering and not to absorp-
tion. Under these conditions, little emission is generated
by the scatterers although the scatterers still attenuate the.
emission upwelling from lower regions of the atmosphere and
from the surface. -

Surface Emission

Emission from the surface of the earth is transmitted
through the atmosphere to the satellite. When the attenua-
tion values are high, this emission cannot be sensed. When
it is low, as required to sense the temperature of the lowest
layer of the-atmosphere, both th~ surface and atmospheric
contributions are combined. Additional measurements within
the window channels are required to separate the two types of
contributions. Surface emission is proportional to the
temperzature and emiscsivity of the surface. The latter are
related to the dielective properties of the surface and to
the roughness of the surface. If the emissivity is less than
unity, the surface both emits and scatters radiation. The
scattered radiation ofiginates from downward atmospheric
emission from above the surface. In a window channel with
very small attenﬁation values this latter contribution is
negligible; otherwise it must be considered in the solution
of equation (1l).

' Surface brightncss temperatures do not show the rapid
variation with frequency exhibited by emissio:n from atmo-’
spheric absorption lines. The relatively slow frequcncy var-
iations of the effects of surface paramcters requires simul-

IIA-12
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taneous observations over a broad frequency range Githin the
atmospheric windows to determine their values. Separation of
the parameters can only be accomplished when the parameters
have different frequency debendences4'5. Figs. 8, 9 and 10
depict the frequency dependence of the several parameters
that affect the brightness temperature of the ocean surface,
salinity, temperature, and wind. The wind affects the bright-
ness temperature by roughing the surface and by producing
foam which has dielectric properties different from the un-
derlying water. These figures show that salinity is best
sensed at frequencies below 3 GHz and, if extreme measurement
accuracy is required, at frequencies below 1.5 GHz. Sea sur-
face temperature is best sensed using frequencies in the 3

to 10 GHz range with 5 GHz being optimum. Wind affccts ob-
servations at all frequencies but is best sensed at frequen-~
cies above 15 GHz. ' ‘

Surface layers of ice or oil that float on the surface
have dielectric properties different from water and can be
sensed due to the resultant change in brightneés.temperature.
0il slicks can change the brightness temperature above 30 GHz
by more than 50°K6 and ice can change the brightness temper-
ature by more than 50° at frequencies from 1 to 40 GHz7. Al-
though ice and oil spills can preovide a large change in bright-
ness temperature, a number of observations in each of the at-
mospheric windows are requircd co separate the effects of ice
and snow from rain and clouds.

The moisture content of the surface layers can be detec-
ted at microwave frequenciess. The bfightness temperature
of snow and of soil both change with moisture content and
with frequency. In general, the lower the frequency, the
thicker the layer that can be sensed. Since the moisture at
the surface is related to the profile of moisture below the
surface, observations at higher frequencies can also be use-
ful. In sensing the melting of snow near the surface, obser-
vations at 37 GHz and higher provide the most information.
For sensing soil, especially soil under a vegetation canopy,

IIA-14




AT./8S(°K/°1,.,)

|
i
|
1'0 r.
0.8
i
°.6 -~
§
3
!
0.4} !
Surface Tempcrati . i,
30°C "
0.2p
i
1 1 1 " i
0 -1 2 3 4
Frequency (GHz)
«

Figure 8. Change in Brightness Temperature
with Salinity

ORIGINAL PAGE 18
IIA-15 OF POOR QUALITY




ATo/AT (°K/°K)

1.0 o
Salinity
36°/..
008 o
OISL
0.4F
0.2
L [} .
0 5 10 15

Frequency (Gliz)

Figure 9. Change in Brightness Temperature with
Surface Temperature

IIA-16

e e ey -



e T W N W o

ATo/A8U (°K/m/sec)

0.8¢p
.6
0.4F
0.2r
Nadir
£ ¥ i 4 _
0 10 20 30 . 40

Frequency (GHz)

Figure 10. Change in Brightness Temperature
with Wind Speed

ORIGINAL PAGE IS
OF POOR QUALITY IIA-17

-
N
+
x

- e el VS o i i ronon

v mstn e s

e e

N —

. - B L ree
e
.



frequencies below 3 GHz are of most interest. 1In practice
a number of frequencies are required first to classify the

surface as to roughness, vegetation cover, sea ice age, etc.,
and second to measure parameters such as ice thickness or

moisture content. Figures 11, 12, and 13 present sensitivity

curves versus frequency for icelo, soil moisturell, and

snowlz .

Radiometer Sensitivity

Radiometric receivers sense the noise like thermal emis-
sion collected by the antenna and the thermal noise of the
receiver. By infegrating the received signal the random
noise fluctuations can be reduced and accurate estimates can
be made of the sum of the receiver noise and external thermal
emission noise power. Expressing {ne noise power per unit
bandwidth as an equivalent noise temperature, the effect of
integration in reducing measurement uncertainty can be ex-

pressed a59
AT = g(TA + TN)
Yy Bt
where AT = rms uncertainty in the estimation of the total
system noise, TA + TN
TA = antenna temperati.se
TN = receiver noise te¢mperature
B = bandwidth
T = integration time

e
"

receiver system constant.

There are two types of m.crowave radiometers--total
power and Dickelo. Total power radiometers measure the
noise power received by the antenna, as well as that genera-
ted by the receiver system. However, they are subject to
calibration errors due to receiver system drift. Dicke

radiometers, on the other hand, rapidly switch the input of

IIA-16
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the receiver system between the antenna and a lnad at a known
temperature in order to secure proper calibration. The Dicke
receiver output is detected syncaronously witli the input switching
rate and the difference between the two signals is amplified

and averaged to provide an output propcrtional! to the difference
between the antenna temperature and load temperature. The Dicke
radiometer is sensitive to gain changes, but less so than a total
power radiometer since amplification at the critical stages in

the Dicke receiver system can be performed with ac coupled

stages tuned to the switching rate rather than by dc coupled
stagyes. In practice, Dicke radiometers are easier and less expen-
sive to construct, operate and maintain than total power radio-
meters that provide the same protection against reniver system
drift calibration errors.

For an ideal total power radiometer, a = 1; for an ideal
Dicke radiometer, o = /2 ; and for a practibal Dicke radio-
meter a = 2. The bandwidth calculations made for Chapter I
and Chapter II, Part B, assum.d o = 2 uniess otherwise st .-ted.
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CHAPTER II

PART B

USER REQUIREMENTS AND

DETAILED SHARING ANALYSLS
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USER REQUIREMENTS

The primary measurements in this band are sea state,
rain, snow and ice morphology. The principal measurement
is for sea state. Sea state measurements are used to
indicate wind speeds, which are important to meteorologists
and the shipping industry. Sea state observations may be
made at frequencies above 1 GHz, but due to the competing
effects of sea surface temperature at lower frequencies, and
clouds and rain at higher frequencies, 10.6-10.7 GHz is

optimum for wind speed measurement.

The maximum resolution must be 2-5 km in order to support

estuarine wind speed observations. Measurements with this

spatial resolution are required to separate land and water -

features. However, rain measurements over land demand an even
smaller spatial resolution, 1 km, in order to differentiate
different surface backgrounds and to map convective rain cells.
Convective rain cells have median horizontal dimensions of
slightly less than 3 km. For a satellite in a 500 km circular
orbit, the beamwidth for a 1 km resolution at the surface is
0.1°, and this requires an antenna of 15-20 meters, depending
upon pointing angle. Since a point on the surface is within
the antenna beam for less than 0.1 second, the maximum inte-

gration time is 0.1 second.

The measurement range for wind speed is 0-30 m/sec. and

requires measurements with a 1.5 m/sec. accuracy (5 percent).

I1IB-1-1




For nadir observations, the required radiometer sensitivity
is 1.0 K (see Part A, for sensitivity curves). For off-
nadir observations, the measurement accuracy increases or
decreases slightly depending upon polarization. Measurements
at all polarizations for observations over a 1000 km wide

swath may be obtained with a 1 K radiometer sensitivity.

Assuming a Dicke switched rald ometer with a 1000 K noise
temperature, the minimum bandwidth for a 1 K sensitivity and
a J.1 second integration time is 60 MHz. Significantly larger
bandwidths are required to -economically support mapping appli-
cations with a scanning beam system. For estuarine surface
observations, a 2 km spatial resolution is adequate, and 3
beam positions may be scanned usinag a 100 MHz bandwidth and
0.066 second integration time. Multiple, 3-beam position

scanning antennas would be required to image a swath.

Estuarine surface observations made for environmental
regulation enforcement are required on a once per day basis.
Observations in support of rain measurements may be required

as often as once per hour.

IIB~1-2
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SHARING ANALYSIS

The lower 80 MHz of the 10.6-10.7 GHz frequency band is
currently allocated on a primary basis to the Fixed and Mobile
Services on a world-wide basis. The upper 20 MHz (10.68-10.7
GHz) is currently allocated to the Radio Astronomy Service on a
world-wide basis, except that Radio Regulation Footnote 405B
permits fixed and mobile operations in Algeria, Bulgaria, Cuba,
Hungary, Japan, Lebanon, Pakistan, Poland, United Arab Republic,
Yugoslavia, Romania, Czechoslovakia and the USSR. Since passive
sensors can inherently share with the Radio Astronomy Service,
the following analysis considers only sharing with the Fixed

and Mobile Services from 10.6 to 10.68 GHz.

1.1 Technical Characteristics

Current U. S. ans. international frequency assignment data
files indicate that there is preser+ly little usage of the

10.6-10.68 GHz band by the Fixed and Mobile Services.

In the United States, only 12 assignments are currently
listed in FCC data files. The systems, both fixed and mobile,
operate at output power levels of less than 1 watt, and are

apparently used for public safety or industrial-type services.

IIB-1-3
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Similarly, IFRB data files indicate few assignments in
the 10.6-10.68 GHz frequency band. There are only 5 listings
in Europe and Japan combined, and these specify output powers

of 1 watt or less.

Assuning the technical characteristics listed in FCC and
IFRB data files to be representative of systems operating in
this band, the following terrestrial system characteristics

are assumed for this analysis:

Transmitter Power 0 dB (W)

Antenna Gain 38 dB(i)*
ORIGINAL PAGE IS

OF POOR QUALITY

1.2 sharing Considerations

1.2.1 Simultaneous Operations

As can be seen from the following, interference does
not occur to the radiometer even when in the main beam of

a terrestrial system.

Transmitter Power = 0 dB(W)

Antenna Gain = 38 dB (1)

-139 aB(m~2)

Spreading Loss

Radiometer Antenna Back-

lobe Effective Area - 56 dB(mz)

=157 dB(W)

or 1 dB above the interference threshold of -158 dAB(W).**

*Due to a lack of data, this value is assumed.

**Interference would occur from a direct overhead pass of the
interferor. However, the duration of interference is con-
sidered of negligible impact to overall data measurements in
an operational system.
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Figure 1-1 presents the results of the multi-system
interference environment using the Random Interference Analysis
Program described in Appendix II. The figure relates the
probability of data loss for the principal measurement, versus
the number of terrestrial transmitters simultaneously operating
and visible to the radiometer. As can be seen, a very large
number of terrestrial systems can be simultaneously operating
within view of the radiometer without causing significant

levels of data loss.

Considering the present small population of terrestrial
systems operating in the band, simultaneous operational sharing
is considered feasible between the two Services. Future growth
of terrestrial systems in this band, however, should be limited

in order for sharing “o continue to be feasible.

1.3 Conclusions on Sharing with the Fixed and Mobile Services

Sharing on a simultaneous operational basis between space-
borne passive microwave sensors and the Fixed and Mobile Ser-
vices in the 10.6-10.7 GHz region is feasible. Consequently,
the space passive services can share on a primary, co-equal
basis with the Fixed and Mobile Services. The following foot-

note should be included:

"Fixed and mobile systems operating in the
10.6-10.7 GHz portion of the 10.6-10.95 GHz
fixed and mobile allocation, are limited to
1l to 2 watt transmitter powers. Fixed and
mobile systems with higher powers must use
the 10.7-10.95 GHz portion of the allocation."

I1IB-1-5
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USER REQUIREMENTS

The primary measurements in this band are water vapor
profiling and rain. The principal measurement is water vapor.
The water vapor molecules have a rotation absorption line at
22.235 GHz which is pressure broadened in the lower atmosphere
to produce a slight, but measurable absorption at this
frequency. Observations at this frequency are required to
establish the relative amount of water vapor in the boundary

layer of the atmosphere.

Water vapor measurements are required over land and water.
Observations over land are affected by variations in surface
parameters, and must be made using a spatial resolution of 2
km or less in order to reduce the effect of surface variations
within a beamwidth. For a satellite in a 500 km circular orbit,
a 2 km resolution requires a beamwidth of 0.2° (5-7 meter
antenna, depending on pointing angle). The antenna beam passes
over a point on the surface in less than 0.2 seconds, requiring

an integration time of less than 0.2 seconds.

The range of total precipitable water is 0-7 g/cmz. The

accuracy required for estimating the contribution of the lower
boundary layer is 0.3 g/cmz. To accomplish this at 15.3-15.5
GHz, a radiometer sensitivity of 0.2 K is required. (See Part A

for sensitivity curves.)

-
o . oo
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Assuming a total power radiometer with a 1000 K noise
temperature, a 0.2 K sensitivity and a 0.2 second integration
time, a bandwidth of 180 MHz is required. A conventional Dicke

switched radiometer would require a 720 MHz bandwidth.

Water vapor profiles are required twice per day for
support of weather forecasting services. The update rate is
controlled by the input requirements of the numerical fore-

casting programs operated by the National Weather Service.

IIB-2-2
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SHARING ANALYSIS

The lower 50 MHz of the 15.3-15.5 GHz frequency region is
currently allocated to the Fixed and Mobile Services on a
world-wide basis. The upper 100 MHz (15.4-15.5 GHz) is cur-
rently allocated to the Aeronautical Radionavigation Service
on a world-wide basis, except that Radio Regulation Footnote
407 permits fixed and mobile operations in Albania, Bulgaria,

Hungary, Poland, Romania, Czechoslovakia and the USSR.

The band 15.35-15.4 GHz is allocated to Radio Astronomy
on a world-wide basis, except that Radio Regulation Footnote
409C permits Fixed and Mobile operations in Algeria, Bulgaria,
Cuba, Hungary, Kuwait, Lebanon, Morocco, Pakistan, Poland,
the United Arab Republic, Yugoslavia, Romania, Czechoslovakia

and the USSR.

Since passive sensors can inherently share with the
Radio Astronomy Service, the following analysis considers
sharing with the Fixed and Mobile Services in the 15.3-15.35
GHz band, and the Aeronautical Radionavigation Service in the

15.4-15.5 GHz band.

g1
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2.1 Fixed and Mobile Services

Current U. S. and international frequency assignment data
files indicate that there are presently no assi¢nments in the
15.3-15.35 GHz pand for the Fixed and Mobile Services. Since
the Radio Regulations presently allocate Fixed and Mobile
Services in this band, it is assumed that there will be
operating systems at some time in the future. It is anticipated
that the future use of Fixed and Mobile Services in the 15.3-
15.35 GHz band would be concentrated in highly developed,
populated areas. rather than the more sparsely populated and

oceanic areas.

2.1.1 Technical Characteris3tics

Fixed or Mobile Service development in the 15.3-15.35 GHz
may utilize either analog or digital transmission techniques.
However, since analog systems typically employ higher e.i.r.p.'s
than digital, this analysis assumes analog fixed and mobile
systems. Analog systems can be expected to be similar in ob-
jectives, operating parameters, and techniques to the existing
Fixed and Mobile Services in lower regions of the microwave
spectrum. Thus, the service would consist primarily of either
fixed or transportable relay link facilities employing relavively
high gain antennas. The technical characteristics for 15 GHz
Fixed and Mobile Services can be estimated by examining the

characteristics of operating systems below 10 GHz. These sys-

iems utilize links of about 20 km in length, and have the fol-

lowing operational parameters:

I1B-2-4




S e

e w woe o nem gy e At RPN PN e ey e

Transmitter Power = 13 4B (W)
Antenna Gain = 42 4B (i)
Transmit e.i.r.p. = 55 dB(W)

S - S S,

Assuming that 20 km links are utilized at 15.3 GHz, the

transmit e.i.r.p. requirement for such links can be ~umputed

by adding a factor to compensate for the increased operational

frequency. Assuming a constant gain antenna at the receiver,

a 15 GHz system e.i.r.p. requirement can be computed as follows:

Baseline e.i.r.p. = 55 dB(W)
Frequency factor = 3 dB
15.3 GHz e.i.r.p. = 58 dB(W)

Based on operational considerations (e.g., antenna,

pointing accuracy, size, weight, transmitter technology, etc.),

it is expected that a 58 dB(W) system e.i.r.p. would be

generated differently for the Fixed and Mobile Services.

Mobile systems, at a given frequency, tend to have smaller

antennae, but larger transmitter powers than fixed systems.

The estimated design parameters are given below:

FIXED
Transmitter Power 13 dB (W)
Antenna Gain 45 dB (1)
System e.i.r.p. 58 dB(W)
IIB-2-5

MOBILE
19 dB (W)
39 dB(i)

58 dB(W)
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2.1.2 sSsharing Corisiderations

2.1.2.1 Simultaneous Operations

The interference level in the main beam of a :ingle
interference source would occur on the horizon as seen from

a fixed or mobile system. The level of the interference would

be:
Transmitter Power = 19 dB(W)*
Antenna Gain = 39 dB(i)
Spreading Loss =  -139 aB(m 2
Atmospheric Absorption = - 5,6 dB
Radiometer Antenna
Effective Area -2
(Sidelobe) = - 59 dB(m 7)

-145.6 dB(W)

or 14 dB above interference threshold of -160 dB(W).

The area of data loss due to a single mobile emitter of
this type is shown in Figure 2-1, constituting about 1% of the

visibility sphere.

The Random Interference Analysis Program** was utilized
to simulate the multi-interferor environment based on the

expected system parameters. Figqgure 2-2 presents the results

* Typical of a mobile station.

** See Appendix II.
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of this analysis. The figure relates the probability of data
loss versus the number of terre rial transmitters simulta-

neously operating and visible to the radiometer.

Although little is known as to the projected extent of
usage by the Fixed and Mobile Services of this band, large
amounts of data would be lost if approximately 50 transmitters
are simultaneously in view of the radiometer. It is assumed
that at least this number of transmitters would be simul-
taneously in view of the radiometer for line-of-sight relay
systems; consequently, sharing on a simultaneous operations basis

is considered infeasible.

2.1.2.2 Time Sharing

It is impossible to determine the duty cycles of operations
for these as yet undetermined fixed and mobile systems. It
cannot be assumed, however, that these systems will be
inoperative during late night-early morning hours. Since time
sharing could be accomplished only if nighttime restrictions
on operating times could be imposed, it must be concluded that

time sharing is not feasible.

2.1.3 Conciusions

Simultaneous operations between spaceborne passive micro-

wave sensors and the Fixed and Mobile Services in the 15.3-

H
&
£
4

15.35 GHz region are not feasible. Time sharing also is not

considered feasible.
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2.2 Aeronautical Radionavigation Service

The primary planned use of the 15.4-15.5 GHz* band, is
for a world-wide Microwave Landing System (MLS). MLS is de-
signed to provide landing information for an aircraft on final
approach to a runway. The system provides both lateral and
vertical guidance, and is expected to improve flight safety.
MLS is expected to be the standard approach system of the future,
and will probably be installed at airports not now equipped
with precision approach and landing systems. In the continental
United States (CONUS), it is estimated that approximately 1600
MLS systems will be operational in 10 years, ncreasing to

upwards of 3000 at the end of 20 years.

The planned FAA MLS systems will utilize low power trans-
mitters, and for the purpose of this analysis, are referred to

as "low power MLS".

There are a few listings with high power transmitters
in the U. S. government data files for radionavigational
aids. Personal contacts with military personnel have indicated
that the number of these systems is anticipated to increase
in the near future. For the purpose of this analysis these

systems are referred to as "high power MLS".

2.2.1 Technical Characteristics

The following technical characteristics are considered

typical of low and high power MLS respectively:

*The DOD and FAA, who plan to use the MLS, are presently de-
termining the relative merits of using the 5.000-5.250 GHz
and/or the 15.4-15.5 GHz band for the proposed Microwave
Landing System. For this analysis the assumption has been
made that the MLS system will be implemented at 15.4 GHz.

IIB-2~-10
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Low Power MLS

Transmitter Power = 7 dB(W)

Antenna Gain = 20 dB(i)
High Power MLS

Transmitter Power = 33 dB (W)

Antenna Gain = 43 dB(1i)

2.2.2 Sharing Considerations

2.2.2.1 Simultaneous Operations

For the low power MLS, the Randcm Interference Analysis
Program* was utilized to simulate the interference environment.
Figure 2-3 presents the results of the analysis. The figure
relates the probability of data loss versus the number of
terrestrial transmitters simultaneously operating and visible
to the radiometer. Although a large number of low power MLS
can be simultaneously operating within 7iew of the radiometer
without exceeding the interference threshold of -160 dB(W),
it is expected that even larger numbers, based on FAA plans,

will be in view of a spacecraft at 500 km orbital altitude.

The Gain Range Quotient Program* was utilized to determine
the loss of coverage area due to operations of a single high
power MLS. Figure 2-4 shows this area of coverage loss. The
shaded area corresponds to approximately 14% of the total

visibility.

* See Appendix II.
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Note: Shaded areas indicate region where interference

and therefore, loss of coverage occurs.
Terrestrial station is located in center.

Figure 2-4 Loss of Coverage Area Map Due to Sipgle .
Emitter - Aeronautical Radionavigatio:. Service
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The maximum interference level encountered at the
radiometer from a single high power interferor would occur
at the horizon as seen from the MLS. The level of this

interference would be:

Transmitter Power = 33 dB(W)
Antenna Gain = 43 4B(1i)
Spreading Loss = =139 dB(mz)
Atmospheric Loss = =5.6 dB
Radiometer Antenna 2
Effective Area (Sidelobe) = - 59 dB(m")

-127.6 dB(W)

or approximately 32 dB above the -160 dB(W) interference

threshold.

Multiple high power MLS will present an even worse situation.
Consequently, since indications are that extensive world-wide
use is planned, the transmitter population densities, at
least in developed countries, will be such that harmful inter-

ference will be encountered around the countries concerned.

Sharing on a simultaneous operational basis with either

of these two types of MLS, therefore, is considered infeasible.

2.2.2.2 Time Sharing

Due to the requirement for continuous, 24-hour operational
use for MLS, no time sharing scheme between passive remote
systems and the Aeronautical Radionavigation Service is con-

sidered feasible.

IIB-2-14
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2.2.3 Conclusions on Sharing with Aeronautical Radionavigation
Service

Sharing on a simultaneous operational basis between space-
borne passive microwave sensors of the Earth Exploration Satel-

lite or Space Research Services, and the Fixed and Mobile (15.2

15,35 GHz) and the Aeronautical Radionavigation (15.4-~15.5 GHz)
Services in the 15.3-15.5 GHz region, is not feasible. Time
sharing is generally infeasible with Fixed and Mobile Services,

while definitely infeasible with Aeronautical Radionavigation.

Sharing on a simultaneous operational basis between the
space passive services and the Radio Astronomy Service in the

15.35-15.4 GHz band is feasible.

IIB-2-15
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FREQUENCY BAND 17.7 - 17.9 GHz

A st e

ot a2

I ot i 4 SRR st S

m



USER_REQUIREMENTS

The prinsary measurement in this band is water vapor
profiling. The water vapor molecules have a rotation absorption
line at 22.235 GHz which ig pressure broadened in the lower
atmosphere to produce measurable absorption at this frequency.
Observations at this frequency are required to establish the
relative amount of water vapor at intermediate heights in the

lower atmosphere.

Water vapor measurements are required over land and water.
Observations over land are affected by variations in surface
parameters, and must be made with a spatial resolution of less
than 2 km in order to reduce the effects of variation within a
beamwidth. For a satellite in a 500 km circular orbit, a 2 km
resolution requires a beamwidth of 0.2° (4-6 meter antenna
depending on pointing angle). The antenna beam passes over a
point on the surface in less than 0.2 seconds, requiring an

integration time of less than 0.2 seconds.

The range of total precipitable water is 0-7 g/cmz. The
accuracy required for estimating the contribution of inter-
mediate atmosphere layers is 0.3 g/kmz. To attain this accuracy at

17.7-17.9 GHz, a radiometer sensitivity of 0.2 K is required.

Assuming a tntal power radiometer with a 1000 K noise
temperature, a 0.2 K sensitivity, and a 0.2 second integration
time, a bandwidth of 180 MHz is required. A conventional

Dicke switched radiometer would required 720 MHz bandwidth.
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Water vapor profiles are required twice per day to support

weather forecasting services. The update rate is controlled by

the input requirements of the numerical forecasting programs

operated by the National Weather Servine.
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SHARING ANALYSIS

The 17.7-17.39 GHz band is currently allocated to the
Fixed, Mobile and Fixed-Satellite Services on a worldwide basis.
The latter allocation restricts usage to a space~to-earth
link. It is proposed that use for Earth Exploration Service
!Passive) and Space Research (Passive) be added, and that Govern-
ment Fixed and Mobile Service use be deleted. Allocations for

private sector Fixed and Mobile Services would remain.

The following sections analyze the sharing potential between
passive remote sensors and the Fixed and Mobile Services and the

Fixed-Satellite Service (space-to-earth).

3.1 Fixed and Mobile Services

A survey of available national and international frequency
assignment files indicates that there are no fixed and mobile as-
signments at this time. It is probable, however, that such use will
occur at a future date. Although the Radio Regulations allow
fixed and mobile systems in all three regions, it is anticipated
that installations would be concentrated in highly developed,
populated areas, rather than in the more sparsely populated and

oceanic areas.

Fixed and Mobile Service development in the 17.7-17.9 GHz
band can be expected to make use of digital encoding techniques,
rather than the anclog technology used for Fixed and Mobile

Services below 15 GHz. It is to be expec:ed that the systems

IIB-3-3
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installed will consist primarily of either fixed or transportable

relay link facilities employing relatively high gain antennas.

3.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped Fixed
and Mobile Services in the 17.7-17.9 GHz band are expected to
follow guidelines given in CCIR Reports 387-2, 609, and 610.
The guidelines and technical speciiications are concerned with
broadband high capacity digital transmission. In the systems,
a high speed digital signal is used to modulate the RF carrier
by means of phase-shift-keying. 1In the United States,
the signal is 4-level at 137 [iBaud (274 Mbits/sec); in Japan it
is 4-level at 200 MBaud (400 Mbits/sec); and in some European
countries it is planned to be 4-level at 70 MBaud (140 Mbits/

sec) .

The actual band allocated for Fixed and Mobile Service
use is 17.7-19.7 GHz, and three different channel plans have
been developed. One is a plan involving frequency re-use cross
polarization techniques for co-channel transmissions, and the
others employ interleaved channels. The 200 MHz passive
allocation roughly corresponds to the bottom channel of the
co-channel plan, and the first one and one-half channels of

the interleaved channel plan.

The transmitters used in the 17.7-17.3 GHz band are

anticipated to have the following characteristics:
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o s vy ot s s

B - i - H ¢ . or 3 e — _
- R I P A UL e Nl - R BT

TN



Transmitter Power ~13 dB(W)
Feeder Loss - 4 dB
Transmitter Antenna Gain 43.5 dB (i)
Transmitted e.i.r.p. 26.5 dB (W)

The system design is based on link lengths of 10 km, a

margin of about 45 dB, and a transmission bandwidth of

3.1.2 Sharing Considerations

3.1.2.1 Simultaneous Operation

ot e o ny | TR G ekt

fading

220 MHz.

The interference level in the main beam of a single

interference source would occur at the horizon as seen

from

a Fixed or Mobile Service transmitter. The level of this inter-

ference would be:

Transmitter Power - 13 dB(W)
Feeder Loss - 4 4B
Transmitter Antenna Gain 43.5 dB(1)
Spreading Loss ~139 dB
Atmospheric Absorption ~ 9 dB
Radiometer Antenna ~ 60 dB(mz)

Effective Area (sidelobe)

~181.5 dB(W),

or 21.5 dB below the radiometer interference threshold*. Thus,

the radiometer would have to be within the main beam of a100

*Interference would occur from a direct overhead pass of the inter-
feror. However, the duration of interference is of negligible

impact to data measurements in an operational system.
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Fixed and Mobile Service transmitters in order for degradation
of its function to result. The probability of this occurrence

is rather small.

3.1.3 Conclusions on Sharing with Fixed and Mobile Services

Sharing on a simultaneous operational basis with the Fixed

and Mobile Serv'ces in the 17.7-17.9 GHz band is possible.

3.2 Fixed-Satellite Service (space-to-earth)

A survey of national and international allocations data
indicates that there are no current registrations for the Fixed-
Satellite Service (space-to-earth) in this band. It is known,
however, that private sector users are planning a domestic
satellite system to serve the United States and Possessions.
This system, as planned, will operate in the 17.7 to 1..9 GHz
band, as opposed to the 17.9 to 19,7 GHz band also allocated
to this service. While it is not possible to determine
the exact antenna patterns, bandwidth transmitter power and
channel plan for the system, it may be assumed that the power
used will not cause the power flux density to exceed levels

given in CCIR Report 287-2 and its annexes.

IIB-3-6




3.2.1 Technical Characteristics

It is anticipated that the Fixed-Satellite Service down-link
operating in the 17.7-17.9 GHz band will have characteristics
similar to those of systems designed for the 11 GHz band. These
satellites may make use of both spot beam and full-earth coverage
antennae. The down-link e.i.r.p., regardless of which antenna
is used, should not exceed levels given in CCIR Report 387-2.

The maximum allowable PFD in this band is about -104 dB(W/mz/MHz).

Assuming a spot~beam antenna (0.5°), a fixed-satellite trans-~
mitter system having the following characteristics would produce

the maximum allowable power flux density level:

Transmitter Power 23.4 dB (W)

Antenna Gain 50 dB(1i)

Transmitter e.i.r.p. 73.4 dB(W) in a 35 MHz
bandwidth

Bandwidth Conversion Factor -15.4 dB(MHz/35 MHz)

Transmitter e.i.r.p. 58 dB(W/MHz)
spectral density
Spreading Loss -162 dB(m~ %)
Surface Power Flux ~104 dB(W/mZ/MHz)
Density
15
PAGE
GINAL * 3Ty
%ﬁ?yoOB.Qp

IIB-3-~7




B e s 1 <%

-~

3.2.2 Sharing Considerations

3.2.2.1 Simultaneous Operations

The maximum interference level at the radiometer input will

be produced when the spacecraft is in the main beam of the fixed-

satellite down-link. Two interference paths are possible:

a) Coupling of the down-link signal via the backlobe of

the radiometer antenna,

b) Coupling of the down-link signal into the mainlobe

of the radiometer antenna by backscattering from the

earth's surface.

The interference levesl for backlobe coupling from a single

transponder is computed as follows:*

Fixed-Satellite e.i.r.p.
Spreading Loss
Power Flux at Radiometer

Effective Area of Radiometer
Antenna (backlobe)

Received Interference Power

73.4 dB(W)

2

-162 dB(m %)

- 88.6 dB(W/mz)

- 63 dB(m?)

-151.6 dB(W)

* It is assumed here that the transponder bandwidth is totally
contained within the bandwidth of the radiometer.
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Thus, backlobe coupling of the signal from a single fixed-
satellite down-link does constitute a source of interference to
the sensor, since the interference level is 8.4 dB above the

sensor threshold of -~160 dB(W).

The interference to the radiometer due to the backscattering
of one fixed-satellite down-link signal from the earth is computed

as follows:

Fixed-Satellite e.i.r.p. 73.4 4B (W)

Spreading Loss -162  aB(m~2)

Power Flix at Earth Surface - 88.6 dB(W/mz)

Reflectivity Factor (50% Loss) - 3 dB

Power Reflected from Earth - 91.6 dB(W/mz)
(per square meter)

Surface Area Within Mainlobe + 73 dB(mz)
of Radiometer

Reflected Signal e.i.r.p. - 18.6 dB(W)

Spreading Loss -125  aB(m~%)

Power Flux at Radiometer Antenna -143.6 dB(W/mz)

Radiometer Antenna Effective +10.5 dB(mZ)
Area
Received Interference Power -133.1 dB(W)

Thus, backscattering of a single fixed-satellite

down-link signal will result in reception by the radiometer
of interference 26.9 dB in excess of its threshold of -160 d4B(W).
This would effectively preclude use of the frequency band for

radiometric purposes whenever within about 1.9° of the fixed-

satellite main beam.
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3.2.2.2 Time Sharing

No information is currently available concerning the
operating schedule for the proposed Fixed-Satellite Service
transmissions. It cannot be assumed, however, that these
systems would be inoperative during the late night-early morning
hours. Consequently, time sharing with the Fixed-Satellite

Service in this band is generally considered infeasible.

3.2.3 Conclusions on Sharing with Fixed-Satellite Service

Due to anticipated large volume common carrier traffic
served by fixed-satellite systems in this band, sharing on a
simultaneous operational basis between spaceborne microwave
sensors and the Fixed-Satellite Service is infeasible. Time
sharing with this Service does not seem to be a viable

alternative.
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USER REQUIREMENTS

Measurements are required at 19.7 to 19.9 GHz to support
water and land observations of surface phenomena. Observations
in this frequency band are also required for cloud, rain, and
water vapor measurements. For most phenomena, a radiometer sensi-
tivity of 1 K is sufficient. The highest resolution application
is water vapor profiling. For water vapor measurements, a
spatial resolution of 2 km is required. For a satellite in a
500 km circular orbit, the beamwidth for a 2 km surface resolution
is 0.2°9 and this requires a 4-5 meter antenna, depending upon
pointing angle. Since a point on the surface is withia the
antenna beam for less than 0.2 seconds, the maximum integration

time is 0.2 seconds.

The range of total precipitable water is 0-7 g/cmz. The

accuracy reguired for estimating the contribution of an inter-
mediate atmospheric layer is 0.3 g/cmz. To accomplish this at
19.7-19.%9 GHz, a radiometer sensitivity of 0.2 K is required

(See Part A for sensitivity curves.)

Assuming a.total power radiometer with a 1000 K noise temperature,

a 0.2 K sensitivity and a 0.2 second integration time, a bandwidth

of 180 MHz is required. A conventional Dicke switched radiometer

would require a 720 MHz bandwidth.
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Water vapor profiles are required twice per day to support
weather forecasting services. This collection rate is controlled
by the input requirements for the numerical forecasting programs
operated by the National Weather Service. Rain measurements,
on the other hand, may require observations as often as once

per hour for input into numerical forecasting programs.
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SHARING ANALYSIS

The 19.7-19.9 GHz band is currently allocated to the Fixed-
Satellite Service on a worldwide basis. This allocation is restricted

to space-to-earth links. In addition, Footnote 4(‘'E indicates

that the band may be used for fixed and mobile operations in Japan.

The following sections analyze the sharing potential between
passive remote sensors and the Fixed znd Mobile Services in Japan and

the Fixed-Satellite Service (space-to-earth) in Regions 1, 2 and 3.

4.1 Fixed and Mobile Services

A survey of available national and international assignment files
indicates that there are no Fixed and Mobile assignments at this time.
It is probable, however, that such use will occur at a future date.
It is anticipated that installations would be concentrated in
highly developed, populated areas, rather than in the more sparsely

populated a..d oceanic areas.

Fixed and Mobile Service development in the 19.7-19.92 GHz band
can be expected to make us: of digital encoding techniques, rather
than the analog technology used for Fixed and Mobile Services below
15 GHz. It is to be expected that the systems installed will consist
primarily of either fixed or transportable relay link facilities employinc

relatively high gain antennas.

IIB-4-3
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4.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped Fixed and
Mobile Services in the 19.7-19.9 GHz band are expected to follow guide-
lines given in CCIR Reports 387-2, 609, and 610. The guidelines and
technical spccifications are concerned with broadband, high capacity
digital transmission. In such systems,'a high speed digital signal is !
used to modulate the RF carrief by means of phase-shift-keying. 1In
the United States, the signal is 4-level at 137 MBaud (274 Mbits/sec);
in Japan 4-level at 200 MBaud (400 Mbits/sec):; and in some European

countries a 4-level at 70 MBaud (140 Mbits/sec) is planned. ’

The transmitters used in the 19.7-19.9 GHz band are anticipated

to have the following characteristics: i

Transmitter Power =13 4B (W)
Feeder Loss -~ 4 dB
Transmitter Antenna Gain 43.5 dB(i)
Transmitted e.i.r.p. 26.5 2B (W)

The system design is based on link lengths of 10 km, a fading margin

of about 45 dB, and a transmission bandwidth of 220 MH:z

4.1.2 Sharing Considerations

4.1.2.1 Simultanecus Operation

The interference level in the nain beam of a single inter-
ference source would occur at the horizon as seen from a Fixed or

Mobile Service transmitter. The level of this interference would be:
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Transmitter Power - 13 dB(W)
Feeder Loss ~ 4 dB
Transmitter Antenna Gain 43.5 dB(i)
Spreading Loss =139 dB
Atmospheric Absorption - 17 dB
Radiometer Antenna -61.4 dB(mz)

Effective Area (sidelobe)

-191.4 dB (W)

or 31.4 dB below the radiometer interference threshold of -160 dB(W).*
Thus, the radiometer would have to be within the main beam of 1000
Fixed and Mobile Service transmitters in order to reach the irnter-

ference threshold. The probability of this occurence is neg igible.

4.1,3 Conclusions on Sharing with Fixed and Mobile Services

Due to the expected low e.i.r.p.'s employed by digital relay
link facilities in the 19.7-19.9 GHz band, and the fact that the
current allocation for such services apply only to the ccuntry of

Japan, sharing on a simultaneous operational basis is considered

feasible.

4.2 Fixed-Satellite Service (space-to-earth)

A survey of national and international allocations data indicates
that there are no current registrations for the Fixed-Satellite Service
(space-to-earth) in this band. No plans have been identified concerning

proposed use of this band either by the U.S. or other countries.

* Interference would occur to the radiomete~ from a direct overhead
pass of the interferor. However, dur. tion of interference is of
negligible impact to rfata measurements in an operational system.
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Ir all probability, the design of 19.7-19.9 GHz systems would be
similar to those proposed for the similar allocation at 17.7-19.7 GHz.
It is not possible to determine the exact antenna patterns, bandwidth
transmitter power and channel plan for such systems. However, it may be
assumed that the power used will not cause the power flux density to
exceed levels given in CCIR Report 387-2 and its annexes, since part of

the Fixed-Satellite band is shared with the Fixed and Mobile Services.

4.2.1 Technical Characteristics

It is anticipated that the Fixed-Satellite Service down-link
operating in the 19.7-19.9 GHz band will have characteristics similar to
those of systems designed for the 11 GHz band. These satellites may
make use of both spot beam and full-earth coverage antennae. The down-
link e.i.r.p., regardless of which antenna is utilized, should not

exceed levels given in CCIR Report 387-2.

Assuming a spot-beam antenna (0.5°), a fixed-satellite trans-
mitter system having the following characteristics would produce

the maximum allowab.e power flux density level:

Transmitter Power
Antenna Gain

Transmitter e.i.r.p.

Bandwidth Conversion Factor

Transmitter e.i.r.p.
spectral density

Spreading Loss

Surface Power Flux
Density

IIB-4-6

23.4 dB(W)

50 dB(i)

73.4 dB(W) in a 35 MHz
bandwidth

-15.4 4B (MHz/35 MHz)

58 dB (W/MHz)

-162 dB(m~2)

-104 dB(W/m2/MHz)
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4.2,2 Sharing Considerations

4.2.2.1 Simultaneous Operations

The maximum interference level at the radiometer input will
be produced when the radiometer is in the main beam of the fixed-
satellite down-link. Two interference paths are possible:

a) Coupling of the down-link signal via the backlobe of

the radiometer antenna.

b) Coupling of the down-link signal into the mainlobe -
of the radiometer antenna by backscattering from the

earth's surface. ;

The interference level for backlobe coupling from a single i 5

transponder is computed as follows:*

Fixed-Satellite e.i.r.p. 73.4 dB (W)

Spreading Loss -162 dB(m~?) 3 %
Power Flux at Radiometer -88.6 dB(W/m2) ’ :
Effective Area of Radiometer -64.4 dB(m?) :

Antenna (backlobe)

Received Interference Power -153.0 4B (W)

{
3
%
3
:

* It is assumed here that the transponder bandwidth is totally
contained within the bandwidth of the radiometer.
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Thus, backlobe coupling of the signal from a single fixed-
satellite down-link constitutes a source of interference to the
sensor, since the interference level is 7.0 dB above the sensor

interference threshold of -160 4AB(W).

The interference to the radiometer due to the backscattering
from the earth of one fixed-satellite down-link signal is computed .

as follows:

Fixed-Satellite e.i.r.p. 73.4B (W)

Spreading Loss -162 dB(m~2)

Power Flux at Earth Surface -88.6 dB(W/m2)

Reflectivity Factor (50% Loss) - 3 dB '

91.6 dB(W/m2)

Power Reflected from Earth
(per square meter)

Surface Area Within Mainlobe or + 73 dB(mz) s
Radiometer
Reflected Signal e.i.r.p. - 18.6 4dB(W)
Spreading Loss -125 dB(m~2)
Power Flux at Radiometer Antenna -143.6 dB(W/mz)
Radiometer Antenna Effective 9.6 dB(m2)
Area
Received Interference Power =134 dB(W)

Thus, backscattering of a single fixed-satellite down-link
signal will result in reception by the radiometer of interference
26 dB in excess of its threshold of -160 dB(W). This would effectively
preclude use of the frequency band for radiometric purposes whenever

the radiometer is within about 1.7° of the main beam of the

! fixed-satellite. }
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4.2.2.2 Time Sharing

No information is currently available concerning the operating
schedule for the proposed Fixed-Satellite Service transmissions. It
cannot be assumed, however, that these systems would be inoperative
during the late night-early morning hours. Consequently, time
sharing with the Fixed-Satellite Service in this band is generally

considered infeasible.

4.2.3 Conclusions on Sharing with Fixed-Satellite Service
(space-to-earth)

Considering that use of the 17.7-19.7 Fixed-Satellite Service
allocations is expected to be primarily for domestic, high volume
traffic and that if the band is used, numerous fixed~satellites would
be employed world wide, sharing on a simultaneous operational or

time basis in the 19.7-19.9 GHz band is considered infeasible.
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FREQUENCY BAND 21.0 -~ 21.2 GHz

R TR g <l s bt itanls R ST, bt . Bl . .
,J o

e

i . s el i i et 506 iy i,

Ty




o WP
oty v [N

Sk AR FIERI <RI Ly

USER REQUIREMENTS

The primary measurement in this band is water vapor pro-
filing. The water vapor molecules have a rotation absorpction
line at 22.234 GHz which is pressure broadened in the lower
atmosphere to produce measurable absorption at this frequency.
Observations at this frequency are required to establish the

relative amount of water vapor at intermediate heights in the

lower atmosphere.

Water vapor measurements are required over land and water.
Measurements over land are affected by variations in surface
parameters, and observations with a 2 km spatial resolution
are required in order to reduce the effects of variations
within a beamwidth. For a satellite in a 500 km circular orbit,
a 2 km beam size on the surface requires a beamwidth of 0.2°
(4-6 meter antenna depending upon pointing angle). The antenna
beam passes over a point on the surface in less than 0.2 seconds,

requiring an integration time of less than 0.2 seconds.

The range of total precipitable water is 0-~7 g/cmz. The
accuracy required to estimate the contribution at intermediate
heights is 0.3 g/cmz. To attain this accuracy at this fre-

quency, a radiometer sensitivity of 0.2 K is required.

IIB-5-1
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Assuming a total power radiometer with a 1000 K noise
temperature, a 0.2 K sensitivity and a 0.2 second integration
time, a bandwidth of 180 MHz is required. A conventional

Dicke switched radiometer would require a bandwidth of 720 MHz.

Water vapor profiles are required twice per day to support
weather forecasting services. The update rate is controlled by
the input requirements of the numerical forecast programs

operated by the National Weather Service.

IIB-5-2
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SHARING ANALYSIS

The 21.0-21.2 GHz band is currently allocated to the

Fixed-Satellite Service (space-to-earth). This allocation

includes all of the .0.2-21.2 GHz spectral region.

there exists a Mobile-Satellite Service (space-to-earth) pro-

posed allocation in the 20.2-21.2 GHz band.

The following analysis considers the potential for

sharing between passive spaceborne sensors and both the Fixed-

and Mobile-Satellite Service (space-to-earth).

5.1 Fixed- and Mobile-Satellite Service (space-to-earth)

Current U. S,

and international frequency assignment

data files indicate that there are presently no assignments

in the 21.0-21.2 GHz spectral region for fixed- or mobile-

satellite oepration.

may be
In the
volume

region

used in the future for government communications systems.

Indications are, however, this band

U. S. and internationally it is estimated that high

domestic fixed-satellite operations in this frequency

will be confined to the 17.7-19.7 GHz band.
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5.1.1 Technical Characteristics

Data is not generally available as to the technical
operational characteristics of fixed- and mobile-satzllite
systems in this band. However, some baseline characteristics
can lead, with proper assumptions, to an estimate of cthe
required satellite e.i.r.p. (assuming spread-spectrum tech-

niques) in order to meet the link budget as follows:

Required e.i.r.p. = CO/No + L - Ar + k + T

earth station required carrier-to-noise
density ratio (+ 10 4B)

"

where: Co/No

L_ = spreading loss (162 dB(mz))

s
Ar = earth station receiver effective area
(2 aB(m?))
TR = earth station receiver noise temperature
(30 4B (K))

k = Boltzmann's constant (-228.6 dB(W/K/Hz))

Therefore, the required fixed- or mobile-satellite

e.,i.r.p. is:
= +10 + 162 -2 - 228.6 + 30

¢ -29 dB(W/Hz)

IIB-5-4
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5.1.2 Sharing Considerations

5.1.2.1 Simultaneous Operations

e T s gt

The interference level produced by the akove assumed
fixed- and mobile~satellite operations may occur from a

reflected path in the main beam of the radiometer, or from

4 o T W

a direct link through the backlobe of the radiometer antenna.

. The level of interference produced from reflected energy

is calculated below:

Mobile-satellite e.i.r.p. = - 29 dB(W/Hz)
Atmospheric Attenuation* = -0.6 dB
Spreading loss to earth = -162 dB (m~2)
Reflection Coefficient = - 3 dB

, Atmospheric attenuation = ~-0.3 dB

g Spreading loss to -2

‘ 500 km orbit = <125 dB{(m °)

Area in view to radiom- 2
eter main beam = + 66 dB(m")

Effective area of
radiometer antenna 2
(main beam) =+ 8§ aB{m”)

Interference level = -245.9 4dB(W/Hz),

or ~163.4 dB(W) in a 180 MHz bandwidth of the radiometer.

This is 3.4 4B below the interference threshold of =160 4dB(W).

¥Assuming 30° elevation of earth station receiver.

Y T
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Interference entering the radiometer via the backlobe

constitutes a lower level as seen by the following:

Mobile-satellite e.i.r.p. - 29 dB(W/Hz)
: Spreading loss = =162 dB(m %)

Radiometer antenna ef-
. fective area (backlobe)

- 65

-256 dB(W/Hz),

o e et

or =173 AB(W) in a 180 MHz radiometer bandwidth. This is

13 dB below the radiometer interference threshold.

Current indications are that a maximum of 3 mobile-
satellites would be empluyed for world coverage. At most,
the radiometer would be visible to two of these satellites,
and the interference level could be 3 dB higher than -163 dB(W)
{ or -160 dB(W), which is equal to the radiometer interference

threshold.

5.1.3 Conclusions on Sharing with Fixed- and Mobile-Satellite
Services

Considering that the interference enco':ntered is expected

only to be marginally harmful and that the duty cycles of

pron

these systems will not necessarily be 100%, it is concluded
that simultaneous operational sharing with the Fixed- and

Mobile-Satellite Services in this band is feasible.

IIB-5-6
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Consequently, a primary, co-equal allocation between these
services is feasible. The criteria for the passive services
to share with fixed- and mobile-satellites is that the fixed-
and mobile-satellites do not exceed a PFD at the surface of
the earth of =155 dB(W/m2/4 kHz), or equivalently a
~29 dB(W/Hz) e.i.r.p.
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FREQUENCY BAND 22.1 - 22.5 GH2
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USER REQUIREMENTS

The primary application in this frequency is water vapor
mea zurements. Observations of water vapor are required to
support land surface, sea surface, cloud, and rain measurements
made at other frequencies. The water vapor molecules have
a rotation absorption line in this band at 22.235 GHz. Observa-
tions are required at this frequency to measure total pre-

cipitable water.

Water vapor measurements are required over land and water.
Measurements over land are affecta2d by variations in svrface
parameters, and observations withh a 2 km spatial resolution
are required in order to reduce the effect of variations within
a beamwidth. For a satellite in a 500 km circular orbit, a
2 km size on the surface requires a beamwidth of 0.2° (4-6
meter antenna, depending upon pointing angle). The antenna
beam passes over a puint on the surface in less than 0.2

seconds, imposing a maximum integration time of less than

0.2 seconds.

The range of total precipitable water is 0-7 g/cm2 and
zn accuracy of 0.3 g/cm2 is required. To obtain this accuracy,

a radiometer sensitivity of 0.4 K is required.

IIB-6-1

7
g,




PPN e N

Assuming a total power radiometer with a 1000 K noise
temperature, a 0.4 K sensitivity and a 0.2 second integration
time, a 45 MHz bandwidth is required. A 9 beam position,

18 km swath could be imaged utilizing 400 MHz.

Water vapor prcfiles are required twice per day to support
weather forecasting services. The update rate is controlled
by the input requirements of the numerical forecast programs
operated by the National Weather Service. Update rates required
to support rain and cloud measurements may be as often as once

per hour.
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SHARING ANALYSIS

The 22.1-22.5 GHz band is currently allocated to the Fixel
and Mobile Services. It is proposed that these services be
deleted, and that the band be shared by three services -

Space Research (passive), Earth Exploration Service (passive),
and the Radio Astronory Service. Additionally, non-government
proposals include the addition of an allocation for the

General Radio Service (i.e., Citizens Band Radio).

Since Radio Astronomy and Space Research (passive) can
inherently share with another passive service, the following
sections analyze the sharing potential between the Earth
Exploration Saiellite Service (passive), the Space Research
Service (passive) and the Fixed and Mobile Services. An
analysis of sharing with Citizens Band radio systems is not
included because it is not probable that, within the next 20
years, technology will permit systems at 22 GHz to be competitive
with the cost of equipment at the current 27 MHz, or the proposed

220 ¢ .4 900 MHz frequency bands.
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6.1 Fixed and Mobile Services

A survey of available national and international assign-
ment data files indicates that there are no Fixed and Mobile
Service assignments for other than experimental use. It is
possible, however, that such use will occur at a future date.
The Radio Regulations allow fixed and mobile systems in
all three regions, and it is anticipated that installations
would be concentrated in highly developed, populated areas,

rather than in the more sparsely populated and oceanic areas.

Fixed and Mobile Service developments in the 22.1-22.5 GiHz
band can be expected to make use of digitally encoded techniques,
rather "han analog technology used below about 15 GHz. It is
expected that the systems installed will consist primarily
of either fixed or transportable relay link facilities, employing

relatively high gain antennas.

6.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped Fixed
and Mobile Services in the 22.1-22.5 GHz band are expected to
follow guidelines given in CCIR Reports 387-2, 609, and 60.
The guidelines and technical specifications are concerned with
broadband high capacity digital transmissions. 1In the systems,
a high speed digital signal is used to modulate the RF carrier

by means of phase-shift-keying. In the United States,

IIB-6-4
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the signal is 4-level at 137 M-baud (274 Mbits/sec); in Japan
it is 4-level at 200 M-band (400 Mbits/sec) and in some
European countries it is planned to be 4-level at 70 M-baud

(140 MBits/sec).

The transmitters used in the 22.1-22.5 GHz band are anti-

cipated to have the following characteristics:

Transmitter power = =13  3iB(W)
Feeder loss = =4 dB

Transmitter Antenna Gain = 43.5 dB(i)
Transmitted e.i.r.p. = 26.5 AB(W)

The system design is based on link lengths of 10 km, a fading

margin of about 45 dB, and a transmission bandwidth of 220 MHz.

6.1.2 Sharing Considerations

6.1.2.1 Simultaneous Operation

The interference level in the main beam of a single inter-
ference source would occur at the horizon as seen from a Fixed

or Mobile Service transmitter. The level of this interference

would be:
Transmitter Power = - 13 dB (W)
Feeder Loss = - 4 dB
Antenna Gain = 43.5 dB(i)
Spreading Loss = -139  dB(m~?)
Atmospheric Loss = - 33 dB ORIGINAL PAGE IS
Radiqmeter Antenna Ef- 2 OF POOR QUALITY
fective Area (sidelobe) = - 62 dB(m°)

-207.5 4B (W)

IIB-6-5
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or 54.5 dB below the radiometer interference threshold of
=157 dB(W).* Thus, the radiometer would have to be in the main
beams of ~100,000 Fixed and Mobile transmitters. The probability

of this occurrence is negligitle.

6.1.3 Conclusions on Sharing with Fixed and Mobile Services

Sharing on a simultaneous operational basis between the
Fixed and Mobile Services 2nd the Earth Exploration Satellite
Service (passive) is feasible due to the low required e.i.r.p.
of digitally encoded fixed and mobile systems in the 22.1-22.5

GHz band.

Consequently, a primary, co-equal allocation betweer. the
space passive services and the Fixed and Mobile Services is
feasible. The criteria for sharing with digital fixed and
mobile systems is that these systems conform to the specifica-

tions of CCIR Reports 387-2, 609, and 610.

*Interference would occur from a direct overhead pass of the
interferor. However, the durat’on of interference are of
negligible impact to data measurements in an operational system.

IIB~6-6
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USER_REQUIREMENTS

The primary measurement in this band is water vapor
profiling. The water vapor molecules have a rotation absorp-
tion line at 22.234 GHz which is pressure broadened in the
lower atmosphere to produce measurable absorption at this
frequency. Observations at this frequency are required to
establish the relative amount of water vapor at intermediate

heights in the lower atmosphere.

Water vapor measurements are required over land and water.
Measurements over land are affected by variations in surface
parameters, and observations with a 2 km spatial resolution
are required in order to reduce the effects of variations
wi«zhin a beamwidth. For a satellite in a 500 km circular orbit,
a 2 km beam size on the surface requires a beamwidth of 0.2°
(4-6 meter antenna, depending upon pointing angle). The antenna
beam passes over a point on the surface in less than 0.2 seconds,

integration time of less than 0.2 secunds.

The range of total precipitable water is 0-7 g/cmz.

The accuracy required to estimate the contribution at inter-
rediate heights 1s 0.3 g/cmz. To attaian this accuracy

at this frequency, a radiometer sensitivity of 0.2 K is

required. (See Part A for sensitivity curves.)

IIB-7~-1



Assuming a total power radiometer with a 1000 K noise
temperature, a 0.2 K sensitivity and a 0.2 second integration
time, a bandwidth of 180 MHz is required. A conventional

Dicke switched radiometer would require a bandwidth of 720 MHz.

Water vapor pruriles are required twice per day to support
weather forecasting services. The update rate is controlled
by the input requirements of the numerical forecast programs

operated by the National Weather Service.

SHARING ANALYSIS

The 23.6-24.0 GHz band is currently allocated to the
Radio Astronomy Service. It is proposed that the band be
shared by three services - Space Research (Passive), Earth
Exploration Service (Passive), and the Radio Astronomy
Service. Since the Radio Astronomy and Space Research (passive)
Services can inherently share with another passive service,

frequency sharing is feasible.

Consequently, a primary, co~equal allocation is feasible.
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FREQUENCY BAND 31.3 - 31.8 GHz
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USER REQUIREMENTS

The primary measurements in this band are water vapor and
snow and ice morphology. Measurement around the pressure
broadened water vapor line at 22.234 GHz can provide information
on water vapor content at different altitudes in the atmosphere.
This band, while having some water vapor and oxygen attenuation,
is the lowest attenuation region above 20 GHz. Consequently,
this band is also extremely desirable for measurement of

surface phenomena.

The spacial resolution requirements for all phenomena in
this band is on the order of 2 km. For a satellite in a 500
km circular orbit, a 2 km beam size on the surface requires a
beamwidth of 0.2° (4-6 m antenna). Since the antenna beam
traverses a point on the surface in less than 0.2 seconds,

the integration time must be less than 0.2 seconds.

The most constraining measurement from a bandwidth require-
ment viewpoint is water vapor measurements. For water vapor,
the measurement range of total precipitable water desired is
0-7 g/cmz. The accuracy required to estimate the contribution
at intermediate heights is 0.3 g/cmz. To attain tnis accuracy,
a radiometer sensitivity of 0.2 K is required (see Part A for

sensitivity curves).

IIB-8-1



Assuming a total power radiometer with a 1209 K system noise
temperature, a 0.2 K sensitivity and a 0.2 second integration
time, a bandwidth of 180 MHz is required. A conventional Dicke

radiometer would require 720 MHz bandwidth.

Water vapor profiles are required twice per day to support
weather forecasting services of the National Weather Service.

Surface phenomena data are required once per day.

IIB-8-2
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SHARING ANALYSIS

The 31.3-31.5 GHz band is currently allocated in Regions 1,
2, and 3 to the Radio Astronomy Service. However, Footnote 412A
specifies that .n Bulgaria, Cuba, Hungary, Poland, the United Arab
Republic, Romania, Czechoslovakia and the U.S.S.R., the band is
also allocated to the Fixed and Mokile Services. Tiae 31.5-31.8 GHz
band is currently allocat2d on a primary basis to the Space Research

Service and on a secondary basis to the Fixed and Mobile Services.

Since passive spaceborne sensors and the Radio Astronomy
Service can inherently share this frequency band, this analysis

is concerned with sharing with the Fixed and Mobile Scrvices.

8.1 Fixed and Mobile Services

A survey of available national and international frequency
assignment files indicate there are presently no fixed or mobile
assignments at this time. It is possible, however, that the
countries will make use of the band. It is anticipated that this
use will be confined to highly developed, populat! ~ ireas, rather

than in the more sparsely populated and oceanic

Fixed and Mobile Services development in the 31 ! GHz
band can be expected to make use of digital encodir + . .iques
rather than the analog technology used in Fixed and Mobhile
Services below 15 GHz. It is expected that the systems installed
will consist primarily of either fixed or transportable relay

link facilities employing relatively high gain antennas.

I1B-8-3
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8.1.1 Technical Characteristics

Tachnical characteristics of the as yet undeveloped
Fixed and Mobile Services in the 31.3-31.8 C.iz band are expected to
follow guidelines given in CLIR Reports 387-2, 6J9, and 610.
The guidelines and technical specifications are concerned with
broadbana high capacity digital transmission. In the systems,
a high speed digital signal is used to modulate the RF carrier
' by means of phase-shift-keying. ./ the United States, the
signal is 4-level at 137 M-Bcud (274 #bits/sec); in Japan
4-level at 200 M-baud (400 Mbits/sec); and in some European

countries 4-level at 70 M-Baud (140 “bits/sec) .s planned.

The technical characteristics of a 31.3-31.5 GHz fixed or

mobile system can be estimated by examining the characteristics

JRUN,  — Sy

of proposed operating systems in the 17.7-19.7 GHz band. Such
systems employ li ks of about 10 km in length, and have the

following operational parameters:

Transmitter Power = =13 dB(W)
Feecer Loss = - 4 dB
; Antenna Gain = 43.5 dB(i)
: Transmit e.i.r.p. = 26.5 dB(W)
IIB-8~-4
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Assuming that 10 km links are utilized at 31.2-31.8 GHz, the
transmit e.i.r.p. requirement for such a link can be computed
by adding a factor to compensate for the increased frequency,

A, suming a constant gain antenna at the receiver, and including

a factor to allow for increased atmmospheric absorption at 31 GHz.

A 31 GHz system e.i.r.p. requiremcnt is computed as follows-

Baseline e.i.r.p. = 26.5 dB(W)
Frequency Factor = 4.9 dB
Absorption Feact_o. = 0.3 dB
31 GHz e.i -.p. = 31.7 dB(W)

Based on operational considerations (e.g., antenna pointing
accuracy, size, weight, transmitter technology, etc.), it is
expected that the 32 4i.(W) system e.i.r.p. would he generated
differently for Fixed and Mobile Services. Mcbile systems,
at a given frequency, tend to have smaller antennas, but larager
powers, than tixed systems. The estimated design parameters

are give. below:

£ 1XED MOBILE

Transmitter Power ~11.8 dB{(W) - 6.8 dB(W;

Antenna Gair 43.5 dB(i) 38.5 dB (i)

System e.i.r.p. 31.7 dB(W) 31.7 dAB(W)
I1I1B-8-5
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8.1.2 Sharing Considerations

8.1.2.1 Simultaneous Operation

The maximum interference level for a single interference
source will be produced when the radiometer is in the Fixed or
Mobile main beam. This occurs at the horizon, as seen from a fixed

or mobile transmitter. The level of this interference would be:

Ty . smitter Power = - 6.8 AB(W)*
Antenna Gain = 38.5 dB(i)

~139  dB(m"?)

Spreading Los-

Atmospheric Absorption - 15.2 dB
Radiometer Antenna
Effective Area
(Sidelobe)

- 65.4 dB(m?)

-187.9 dB (W)

or 28 dB below the radiometer interference threshold of

-160 4B(W).** Thus, the radiometer would have to be within the
main beam of 600-700 Fixed and Mobile Service transmitters in
order for the interference threshold to be exceeded. The

probability of this occurrence is negligible.

* Typical mobile system.

** Interference would occur to the radiometer from a direct overhead
pass of the interference source. However, the duration of inter-
ference is considered of negligible ir nact to data measurements

in operational systems.

IIR-8-6
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8.1.3 Conclusions on Sharing with Fixed and Mobile Services

Due to the low e.i.r.p.'s expected to be employed by fixed
and mobile systems in this band, and, that these systems would be
confined to the countries listed in Radio Regulations' footnote
412A, sharing on a simultaneous operational basis, with the Fixed
and Mobile Services in the 31.3-31.8 GHz band is considered

feasible.

Consequently, a primary, co-equal allocation between these
services is feasible. The criteria for sharing with the Fixed and
Mobile Services is that these systems conform to the general

specifications of CCIR Reports 387-2, 609 and 610.

IIB-8-7
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SECTION 9

FREQUENCY BAND 36.0 - 37.0 GHz
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USER REQUIREMENTS

The primary measurements in this frequency band are land
and sea surface parameters, rain, and clouds. Observaticns to
support rain and cloud measurements over land require a beamwidth
of 0.1° (4-6 meter antenna), to permit a surface resolution of 1
km. This spatial resolution is required to reduce the effects
of the spatial variation in surface parameters within a beamwidth.
Since the antenna beam passes over a point on the surface in less
than 0.1 seconds, the integration time must be less than 0.1

seconds.

The range of equivalent rain rates at this frequency is
0-10 mm/hr. For over-land application, the discrimination of
rain from surface parameters, which produce nearly the same
brightness temperature, requires measurements at two polarizations.
These measurements must be made with a sensitivity of 1.0 K, to
separate the two effects, and to provide a measurement accuracy

of 5 percent.

Assuming a Dicke switched radiometer with a 2400 system noise
temperature, a 1.0 K sensitivity and a 0.1 second integration time,
a bandwidth of 230 MHz is required. 1In order to image a swath,
multiple 4-beam position scanning antennas could be utilized.

In a multibeam, limited scannitg mode, integration time would be

25 msec and require a bandwidth ¢f 920 MHz.
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Observations in this frequency band are required to support
a number of measurements having .pdate rates ranging from once
per week to once per hour. For the support of weather forecast

services, observations must be made twice per day.
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SHARING ANALYSIS

The 36-37 GHz band is currently allocated to tbhz Fixed
and Mobile Services. It is proposed that these services be
deleted, and that the band be shared by four services - Space
Research (passive), Earth Exploration Service (passive), and
the Fixed-Satellite and Mobile-Satellite Services. 1In Cuba,
Eastern Europe, and the USSR, portions of the band are also

allocated to the Radio Astronomy Service.

The following sections analyze the sharing potential
between passive remote sensors and the Fixed and Mobile

Services, and the Fixed- and Mobile-Satellite Services.

9.1 Fixed and Mobile Services

A survey of available national and international assign-
ment data files indicates that there are no Fixed and Mobile
Service assignments at this time. It is possible, however,

that such use will occur at a future date. Although the Radio

Regulations allow fixed and mobile systems in all three regions,

it is anticipated that installations would be concentrated in
highly developed, populated areas, rather than in the more

sparsely populated and oceanic areas.

IIB-9-3
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Fixed and Mobile cervice development in the 36-37 GHz band

can be expected to make use of digital encoding techniques, rather

than the analog technology used for Fixed and Mobile Services
below 15 GHz. It is to be expected that the systems installed
will consist primarily of either fixed or transportable relay

link facilities employing relatively high gain antennas.

9.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped Fixed
and Mobile Services in the 36-37 GHz band are expected to
follow guidelines given in CCIR Reports 387-2, 609, and 610.
The guidelines and technical specifications are concerned with
broadband high capacity digital transmission. In the systems,
a high speed digital signal is used to modulate the RF carrier
by means of phase-shift-keying. In the United States, the
signal is 4-level at 137 M-Baud (274 Mbits/sec); in Japan it
is 4-level at 200 M-Baud (400 Mbits/sec); and in some European
countries it is planned to be 4-level at 70 M-Baud (140 Mbits/

sec) .

The technical characteristics of a 36 GHz fixed or mobilc
system can be estimated by examining the characteristics of
proposed operating systems in the 17.7-19.7 GHz band. Such
systems employ links of about 10 km in length, and have the

following operational parameters:

IIB-9-4
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Transmitter Power = -13 dB (W)

Feeder Loss -4 as :

Antenna Gain 43.5 dB(i)

. Transmit e.i.r.p. 26.5 dB(W)

! Assuming that 10 km links are utilized at 36 GHz, the transmit
e.i.r.p. requirement for such a link can be computed by adding ;
. a factor to compensate for the increased frequency, assuming
a constant gain antenna at the receiver, and including a factor

to allow for increased atmospheric absorption at 36 GHz. .

A 36 GHz system e.i.r.p. requirement is computed as fol-

lows:

; Baseline e.i.r.p. = 26.5 dB(W)

g Frequency Factor = 6,2 dB
Absorption Factor = 0,3 dB *
36 GHz e.i.r.p. 33 dB (W) |

Based on operational considerations (e.g., antenna pointing
accuracy, size, weight, transmitter technology, etc.), it is
expected that the 33 dB(W) system e.i.r.p. would be generated
differently for Fixed and Mobile Services. Mobile systems,
at a given frequency, tend to have smaller antennas, but larger
powers, than fixed systems. The estimated design parameters

are given below:
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FIXED MOBILE
Transmitter Power - 6.5 dB(W) - 1.5 dB(W)
Feeder Loss - dB - 4 dB
Antenna Gain 43.5 dB(i) 38.5 dB(i)
System e.i.r.p. 33 dB(W) 33 dB(W)
9.1.2 sharing Considerations
9.1.2.,1 Simultaneous Operation

The interference level in the main beam of a single

interference source would occur at the horizon as seen from

a Fixed or Mobile transmitter.

would be:

Transmitter Power
Feeder Loss

Antenna Gain

Spreading Loss
Atmospheric Absorption

Radiometer Antenna Ef-
fective Area (Sidelobe)

*Typical mobile system.
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The level of this interference

- 1.5 dB(W)*

- 4 aB
38.5 AB(i)

-139  dB(m™2)

- 18 4B
- 67 dB(m?)
~191  dB(W)
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or 45 dB below the radiometer interference threshold of

-146 dB(W)**, Thus, the radiometer would have to be within
the main beam of ~20,000 Fixed and Mobile Service transmitters
in order for degradation of its function to result. The

probability of this occurrence is very small.

9.1.3 Conclusions on Sharing with Fixed and Mobile Services

Sharing on a simultaneous operational basis between space-
borne passive microwave sensors and the Fixed and Mobile in

the 36-37 GHz band is feasible.

Consequently, the space passive services can be allocated

on a primary, co-equal basis.

The criteria for the space passive services to share are
that Fixed and Mobile Service emissions must conform to the

specifications in CCIR Reports 387-~2, 609, and 610.

9.5 ixed- and Mobile-Satellite Services

A survey of national and international allocation data
files indicates there are no current registrations for other

than experimental and developmental use. However, the U.S.

**Interference would occur from a direct overhead pass of the
interferor. However, the duration of interference is of
negligible impact to data measurements in an operational
system.
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Government apparently plans to use the band for satellite
communication systems having both fixed and mobile earth
terminals. Little technical information is available, but

it is known that world-wide usage is contemplated, with on
the order of 30 earth terminals. The channel plan, however,
and frequency dispersion characteristics of these systems are
not known. The analysis contained herein is adapted from
known technical characteristics of a similar government system
which operates at 8 GHz. The down-link design of the 36 GHz
system is known to differ radically from the 8 GHz system, in
that it is a broadband spread-spectrum system. The down-link
parameters have been derived from earth station receiver

characteristics.

9.2.1 Technical Characteristics

It is anticipated that government satellite up-links oper-
ating in the 36-37 GHz band will have characteristics similar
to those of the system presently operating at 8 GHz. The trans-
ponders may be equipped with both spotbeam as well as full
coverage antennas. Up-link transmitter powers must be adequate
to drive the transponder when a full coverage antenna is used.
It is estimated that the fixed- and mobile-satellite up-link

parameters will be as follows:

ITB-9-8
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FIXED

Transmitter Power | 29 dB(W)
Antenna Gain 57 dB(i)
Transmit e.i.r.p. 86 dB(W)

MOBILE
41 4B(W)

45 dB(i)

86 dB (W)

Data is not available relative to the technical operational

characteristics of fixed- and mobile-satellite system down- ‘

links. However, some baseline characteristics

tan lead, with

proper assumptions, to an estimate of the required satellite

e.i.r.p. (assuming spread-spectrum techniques) in order to

meet the link budget as follows:

Required e.i.r.p. = Co/No + L, -A + k + Tr

where: C‘O/No

L_ = spreading loss (162 dB(m°))

earth station required carrier-to-noise
density ratio (+ 10 dB)

Ar = earth station receiver effective area
(-3 dB(m?))

TR = earth station receiver noise temperature
(33 dB(K))

k = Boltzmann's constant (-228.¢

dB (W/K/Hz))

Therefore, the required mobile-satellite e.i.r.p. is:

Required e.i.r.p.

ORIGINAL PAGE IS
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-21 dB(W/Hz)

+10 + 162 + 3 -~ 228.6 + 33



9,2,2 Sharing Considerations

9.2.2.1 Simultaneous Operations

The maximum interference level at the radiometer from
a single interferor will occur when the radiometer is in the
main beam of a fixed or mobile earth station. Assuming a
30° elevation angle of the earth station, this interference

level would be:

Transmitter Fower = 41 dB(W) *
Antenna Gain = 45 4B (i)
Spreading Loss = -130 dB(m~ %) (30° elevation
angle)
Atmospheric Absorption = =0.5dB
Radiometer Antenna 2
Effective Area (Sidelobe) = - 67 dB(m")

-111.5 dB (W),

r 34.5 dB above the radiometer interference threshold of

-146 dB(W).

Figure 9-1 illustrates the loss of coverage area resulting
from operation of a single Mobile-Satellite Service earth station.
The analysis is based on the Gain-Range Quotient program analysis
procedure described in Appendix I of this volume. This area
corresponds to approximately 2% of the total visibility sphere
around the earth station. The analysis assumes a 30° elevation

of the earth station antenna directed at the geostationary orbit.

*Typical mobile earth stations.

IIB-9-10
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Figure 9-2 presents the results of the Random Interference
Analysis Program (see Appendix II) relating the amount of data
loss to the number of fixed and mobile earth stations visible
to the radiometer. As can be seen, large loss of data would
occur if 15 earth stations are simultaneously in view. It
is possible that the spatial density of earth terminals would
not be this great. Additionally, many of the earth stations
may be shipborne, and therefore would not be fixed interference

sources.

The interference level produced by fixed- and mobile-
satellite down-link operations may occur from a reflected path
in the main beam of the radiometer, or from a direct link

through the backlobe of the radiometer antenna.

The level of interference produced from reflected energy

is calculated below:

Fixed- or mobile-satellite e.i.r.p. = - 21 dB (W/Hz)
Atmospheric Attenuation = - 0.3 dB
Spreading loss to earth = -162 dB(m %)
Reflection Coefficient = - 3 dB
Atmospheric attenuation = - 0.3dB
Spreading loss to 500 km orbit = -125 dB(m ?)

Area in view to radiometer mainbeam = + 57.7 dB(mz)

Effective area of radiometer 2
antenna (mainbeam) = 4+ 12 dB(m")

Interference level = =241.9 dB(W/Hz)

or -152.3 dAB(W) in a 920 MHz bandwidth of the radiometer, or 6.3 dB.

IIB-9-12
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below the radiometer interference threshold of -152 dB(W).
Interference entering the radiometer via the backlobe

constitutes a lower level as seen by the following:

Mobile satellite e.i.r.p. - 21 dB(W/Hz2)

-162 dB(m~2)

Spreading loss

Radiometer antenna ef-

fective area (backlobe) - 70

~252 dB(W/Hz)

or -166.4 dB(W) in a 920 MHz radiometer bandwidth, or 17.4 dB

below the radiometer interference threshold.

The dominant mode of down-link interference is by reflection
from the earth. This interference will not affect sensor opera-
tion unless the radiometer is simultaneously in the main beam
of more than four spacecraft. The probability of this occur-
rence is very small. Therefore simultaneous sharing with the
down-link is feasible.

13.2.3 Conclusions on Sharing with Fixed- and Mobile-Satellite
Services

Simultaneous operation between spaceborne passive micro-

wave sensors and the Fixed- and Mobile-Satellite Services in

the 36-37 GHz band is considered marginally feasible, depending

on the number of earth stations visible to the radiometer.

IIB-9-14
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Thus, the space services could possibly be allocated on
a primary, co-equal basis assuming low population densities.

The criteria for sharing would then be:

e Fixed and Mobile-Satellite (down-link) =~ The
PFD at the surface of the earth must not exceed
~147 dB(W/m?/4 kHz), or equivalently -21 dB(W/Hz)

e.i.r.p.

® Fixed and Mobile-Satellite (up-link) - The earth

stations e.i.r.p. must not exceed +86 dBW.

IIB-9-15
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SECTION 10

FREQUENCY BAND 50.2 - 50.4 GHz




USER_REQUIREMENTS

The principal measurements to be made in this band are
simultaneous observations of various emissions of molecular
oxygen required to construct temperature profiles for the lower
atmosphere. The requested band is relatively broad in order to
encompass a number of the closely space oxygen (02) lines from
the 50-70 GHz complex of lines. The band was chosen to allow
observation on a number of closely space channels within the

band, each providing different altitude information.

Temperature profiles are required over all types of land
and water surfaces. -A relatively small, 10 km or less, resolution
element on the surface provides a number ot overland observation
sites that may be used without severe contamination by the
variation of surface emission within a beam. Observations in
this band will require supporting observations in the low
attenuation frequency bands at 37 and 90 GHz in order to provide
estimates of the surface, rain, and cloud effects. For a satel-
lite in a 500 km orbit, a 10 km resolution requires the use of a
0.2 meter antenna, depending on pointing angle. Since the antenna
beam traverses a-point on the surface in less than 1.0 seconds,

the integration time must be less than 1.0 seconds.

)
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The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is desired. The integration time
is determined, not only by the orbit altitude and antenna /
resolution, but by the along~track region from which the bulk
of the emissions emminate from. Typically, this along-track
dimension is on the order of 300 km. In order not to take
measurements from the same volume on the next scan, the space-
craft should move at least 300 km before starting a new scan.
For a 500 km circular orbit, a 2 km vertical resolution, and

an 84 km vertical scan, a 1 second integration time is required.

The multifrequency temperature profiling observatin.s and
an accuracy of better than 0.3 K to provide temperature estimates
within an accuracy of 1 to 2°C. For a Dicke radiometer, with
a system noise temperature of 2,300 K, a 0.3 K sensitivity
and 1 second integration time, the minimum bandwidth required
per measurement channel is 235 MHz. Multiple 235 MHz channels
in numerous bands between 50-70 GHz are required to provide

temperature sounding approximately every 2 km in altitude.

Temperature profile measurements are needed to support
numerical weather forecasting services and observations are

required twice per day.

IIB-10-2
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SHARING ANALYSIS

The 50.2-50.4 GHz band is currently allocated to the

Fixed-Satellite Service (earth-to-space) in Regions 1, 2,
: and 3. It has been proposed that in a portion of the band
(50.4-50.5 GHz) allocations for Fixed and Mobile Services and

the Mobile Satellite Service (earth-~to-space) be added ixn

, Regions 1, 2, and 3.
The following sections analyze the sharing potential
between passive spaceborne sensors and the Fixed- and Mobile -

Satellite Service (earth-to-space) and the Fixed and Mobile Services.

10.1 Fixed and Mobile Services

A survey of available national and international assign-
‘ ment data files indicates that there are no Fixed and Mobile
Service assignments at this time. It is possible, however,
that such use will occur at a future date. Although the Radio
Regqulations allow fixed and mobile systems in all three regions,
it is anticipated that installations would be concentrated in
highly developed, populated areas, rather than in the more

sparsely populated and oceanic areas.

Fixed and Mobile Service development in the 50.2-50.4 GHz
band can be expected to make use of digital encoding techniques,
rather than the analog technology used for fixed and mobile
systems below 15 GHz. It is expected that the systems installed

will consist primarily of fixed link facilities employing

relatively high gain antennas.
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10.1.1 Technical Characteristics

The technical characteristics of the yet undeveloped
Fixed and Mobile Services in the 50.2-50.4 GHz band are
expected to follow the basic guidelines given in CCIR Reports
387-2, 609, and 610. These guidelines and technical specifi-
cations are concerned with broadband, high capacity digital
transmissions in which a high speed digital signal is used

to modulate the carrier by means of phase shift RF keying.

The key factor influencing the design and implementation of
radio links in the 50-60 GHz region are the amounts of
absorption due to oxygen and water vapor as well as the large
attenuations due to rain. These factors limit radio link
hops to much smaller lengths than conventionally employed at
frequencies below 15 GHz. It is anticipated that the allocation
for Fixed and Mobile Services in the 50.2-50.5 GHz band will be
used for intra-city communications network with hop lengths of

1l km or less.

The following calculation of required fixed and mobile
transmitter power is based on an assumed requirement to provide
a 45 dB fade margin and a C/I ratio of 14 dB at the fixed or
mobile receiver:

P_=C+FM -G, + 10 log(4nR%) - a

t t R
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where: Pt = required transmitter power

C = received carrier power to provide C/N* of j
14 4B (-91.8 dB(W)) '

G, = transmit antenna gain (43.5 dB(i))
R = hop length (1 km)
FM = fade margin (45 dB) o

AR = receiver antenna effective area

or a required transmitter power of -7.34 dB(W).

10.1.2 Sharing Considerations

10.1.2.1 Simultaneous Operations §

Due to the high levels of atmospheric absorption in the
horizortal path, interference in the main beam of a fixed or .

mobile system will not occur.

Normal radiometer operations in the 50.2-50.4 GHz band are
for nadir-looking observations. Thus, the only time the
radiometer will experience inte..erence is when there is a
direct overhead pass and the interferor is in the main beam of
the nadir-looking radiometer antenna. The level of this

interference would bhe:

*Based on assumed receiver noise figure of 15 dB.
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Transmitter Power = = 7.34 4B(W)

Antenna Gain (backlobe) = =~ 10 dB(i)
Spreading Loss = =125 dB(mz)
Atmospheric Absorption = - 1.5 dB
Radiometer Antenna

Effective Area (mainbeam) = - 9.5 dB(W)

-153.3 4B (W)
or 4.7 dB above radiometer interference threshold.

Considering that the radiometer antenna beamwidth results
in a resolution element at the surface of the earth of 5 km,
~5 interfering sources may be simultaneously in view to the
radiometer. This would result in approximately 7 dB(W) more
interference or approximately 12 4B above the interference

threshold of -158 dB(W).

It is expected that use of fixed line-of-sight links at
50~60 GHz will be primarily in large metropolitan areas.
Typically, these areas span 30-80 km. It will be over these
areas that collection of data from passive remote sensors
will be interfered with. However, since data surrounding
each metropolitan area will be interference free and valid,
and since a great deal of interpolation across interference
regions of this size may be performed, it is considered that
loss of direct overhead measurements of metropolitan areas is

not harmful as such.

I1IB-10-6
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10.1.3 Conclusions on Sharing with the Fixed and Mobile Services

Sharing on a simultaneous operational basis between the
Fixed and Mobile Services and the Earth Exploration Satellite
Service (passive) is feasible due to the low required e.i.r.p.
of digitally encoded fixed and mobile systems in the 50.2-50.5
GHz band.

Consequently, a primary, co-equal allocation between the
space pagsive services and the Fixed and Mobile Services is
feasible. The criteria for sharing with digital fixed and
mobile systems is that these systems conform to the specifica-

tions of CCIR Reports 387-2, 609 and 610.

10.2 Fixed and Mobile Satellite Services

A survey of available national and international assignment
Gata files indicates that there are no Fixed or Mobile Satellite
Service assignments at this time. It is possible, however, that

such use will occur at a future date.

It is anticipated that these operations in the 50.2-50.5
GHz band will make use of multiple feed high gain antennas
resulting in coverage of national areas by a number of spot beams.
A similar design philosophy would be employed for both up and
down links, to enable frequency reuse in non-adjacent beam
patterns. Since the beam patterns would each serve a relatively
small area, a large number of earth stations is necessary if the
total coverage is to include an extensive service area. At

least one earth station would be required for each spot beam.
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10.2.1 Technical Characteristics

The technical characteristics of the as yet undeveloped
Fixed-and Mobile-Satellite Services are expected to follow the
same basic philosophy proposed for the Fixed-Satellite Services
in lower allocated bands. This philosophy implies the use of
relatively high gain antennas at both the spacecraft and earth
stations resulting in coverage of a large area by a number of

spot beams, rather than by a single broa“ beam.

Due to the high atmosphere absorption in th s frequency
band, high antenna gains are desirable, however, the trecking
problems involved with extremely narrow, high gain antenna

beams limit the maximum useful gain to about 55 dB.

If a transmitter output power were 30 dB(W), a 30 db
fade margin could be achieved assuming a 15 dB receiver noise
figure. The link calculation leading to these results are

as follows:

Transmitter Output Power 30 dB (W)
Transmitter Antenna Gain 65 dB(i)
Transmitted e.i.r.p. 95 dB(W)
Spreading Loss ~-163 dB (m~?)
Atmospheric Absorption - 9.2 aB(m”?)
Effective Area of 2
Receiving Antenna + 9.5 ds(m”)
Received Power - 67.7 dB(W)

IIB-10-8
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Noise Power -113.1 4B(W)
C/N Ratio 45.4 dB
Required C/N Ratio 15.0 4B
Link Fade Margin 30.4 aB

A fade margin of 30 dB is considered reasonable and,
hence, a potential system in this band would likely have powers
and gains as derived above. However, a power of 30 dB(W)
would cc. pletely exhaust the available power budget of current

communication satellites.

10.2.2 Sharing Considerations

10.2.2.1 Simultaneous Operation

Normal radiometer operations in the 50.2 - 50.4 GHz
band are for nadir looking observations. The radiometer
ant ~nna gain will be 46 dB(i) and the radiometer susceptible

interference level is -158 4dB(W).

An average poinving angle for mid-latitude terrestrial
station antennas is 30° above the horizon. If the radiometer
bearing spacecraft passes through the main beam of the
terrestrial station coupling is via the side lobes of the
radiometer antenna and the . :terference level is computed

as follows:
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Earth Station e.i.r.p. 95 4B (W)
Spreading Loss -130.0 4B (m~2)
Atmospheric Absorption

(30° elevation path) -3.2 4B
Effective Area of Radiometer

Antenna (Sidelobe) ~69.5 dB(m2)
Received Interference Power -107.7 4B(W)

which is 50.3 dB above the interference threshold of ~158 dB(W).

Thus, severe interference will result whenever the space-
craft is located within the main beam of the terrestrial
station if this station is operating with an antenna pointing
angle above the horizon of at least several aegrees. The
loss of coverage area for a single station corresponds to about
0.24% of the visibility sphere as viewed from the earth station.
The interference level decreases to below the threshold value
when the radiometer is located more than 59 off the main beam

of the earth station.

The Random Interference Analysis Program was utilized to
simulate the multi-inteferor interference enviornment based
on the anticipated system parameters. Figure 10-1 presents
the results of this analysis. The figure relates the proba-
bility of data loss versus the number of earth station trans-

mitters simultaneously operating and visible to the radiometer.
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Although little is known concerning the projected extent
of usage of this band by the Fixed- and Mobile-Satellite Services,
large amount of data would be lost if more than 50 2f these

stations were simultaneously in view of the radiometer.

Thus, if a system were installed in the U.S. and the
satellite employed 50 spot beams to cover the land area of the
contiguous 48 states, and one earth station were located in
each beam footprint then sharing with this service on a simul-

taneous basis would be infeasible.

It is, however, gquite unlikely that such a service would
be implemented within the forseeable future, since the expense
would be rather high and an intensive development effort would
be needed for the spacecraft design (for the simultaneous
operation of 50 transponders with sufficient power to permit
reliable communications approximately 1/4 megawatt of on

board power would be required)

Simultaneous sharing with a system employing a small
number of earth stations is feasibl2 because »nf the small loss

of coverage area associated with each station.

10.2.3 Conclusions on Sharing wit%® the Fixed- and Mobile-
Satellite Services

Simultaneocus sharing with Fixed- and Mobile- Satellite
Services in the 50.2-50.4 GHz frequency band is feasible only
if the number of earth stations simultaneously in view is

small, that is less than 10.

IIB-10-12
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USER_REQUIREMENTS

The principal measurements to be made in this band are

simultaneous observations of various emissions of molecular

e

oxygden required to construct temperature profiles for the lower
atmosphere. The requested band is relatively broad in order to
encompass a number of the closely space oxygen (02) lines from
the 50-70 GHz complex of lines. The band was chosen to allow
observation on a number of closely space channels within the

band, each providing different altitude information. f

Temperature profiles are required over all types «f land
and water surfaces. A relatively small, 10 km or less, resolution
element on the surface provides a number of overland observation
sites that may be used without severe contamination by the
variation of surface emission within a beam. Observations in
this band will require supporting observations in the low
attenuation frequency bands at 37 and 90 GHz in order to provide
estimates of the surface, rain, and cloud effects. For a satel-
lite in a 500 km orbit, a 10 km resolution requires the use of a
0.2 meter antenna, depending on pointing angle. Since the antenna
beam traverses a point on the surface in less than 1.0 seconds,

the integration time must be less than 1.0 seconds.
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The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is desired. The integration time
is determined, not only by the orbit altitude and antenna
resolution, but by the along-track region from which the bulk
of the emissions emminate from. Typically, this along-track
dimension is on the order of 300 km. 1In order not to take
measurements from the same volume on the next scan, the space-
craft should move at least 300 km before starting a new scan.
For a 500 km circular orbit, a 2 km vertical resolution, and

an 84 km vertical scan, a 1 second integration time is required.

The multifrequency temperature profiling observations need
an accuracy of better than 0.3 K to provide temperature estmiates
within an accuracy of 1 to 2°C. For a Dicke radiometer, with
a system noise temperature of 2,300 K, a 0.3 K sensitivity
and 1 second integration time, the minimum bandwidth required
per measurement channel is 235 MHz. Multiple 235 MHz channels
in numerous bands between 50-70 GHz are required to provide

temperature sounding approximately every 2 km in altitude.

Temperature profile measurements are needed to support
numerical weather forecasting services and observations are

required twice per day.

IIB-11-2
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SHARING ANALYSIS

Portions of the 51.4-59.0 GHz band are currently or pro-
posed to be allocated to the Inter-Satellite Service, Fixed and
Mobile Service and the space passive services. The following
sections analyze the sharing potential between passive space-
borne sensors and the Fixed, Mobile and Inter-Satellite

Services.

11.1 Fixed and Mobile Services

A survey of available national and international data
files indicates that there are no Fixed and Mobile Service
assignments at this time. It is possible, however, that such
use will occur at a future date. Although the Radio Regulations
would allow fixed and mobile systems in all three regions, it
is anticipated that installations would be concentrated in
highly developed, populated areas, rather than in the more

sparsely populated and oceanic areas.

Fixed and Mobile Service development in the 51.4-59.0 GHz
band can be expected to make use of digital encoding techniques
rather than the analog technology used for fixed and mobile
systems below 15 GHz. It is expected that the systems installed
will consist primarily of fixed link facilities employing

relatively high gain antennas.
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11.1.1 Technical Characteristics

The technical characteristics of the yet undeveloped
Fixed and Mobile Services in the 51.4-59,.0 GHz band are ex-
pected to follow the basic guidelines given in CCIR Reports
387-1, 609 and 610. These guidelines and technical specifica-
tions are concerned with broadband, high capacity digital
transmissions in which a high speed digital signal is used to

mcdulate the RF carrier by means of phase shift keying.

The prime factors driving the design and implementation
of radio links in the 50-60 GHz region are the amounts of
absorption due to oxygen and water vapor, and the very large
attenuations due to rainfall. These factors limit radio link
hops to much smaller distances than conventionally employed
at frequencies below 15 GHz. It is estimated that the alloca-
tion for Fixed and Mobile Services in the 51.4-59.,0 GHz band
will be used for intra-city communication networks with hop

lengths of 1 km or less.

The following calculation of required fixed or mobile
transmitter power is based on an assumed requirement to provide
a 45 dB fade margin and a C/I ratio of 14 dB at the fixed or

mobile receiver:

p =C-Gt—l/4nR2-F.M.+A

t R

IIB-11-4
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where: Pt required transmitter power

C = received carrier power to provide C/N*
of 14 @B (-91.8 dB(W))

(2]
L}

£ transmit antenna gain (43.5 dB(i))
; R = hop length (1 km)

fade margin (45 d4B)

>
"

R receive antenna effective area

'
o
=
[}

[ or a required transmitter power of -6.0 dB(W). {

11.1.2 Sharing Considerations

11.1.2.1 Simultaneous Operations

§ Due to the high levels of atmospheric absorption in the
horizontal path, interference in the main beam of a fixed or

mobile system will not occur.

é | Due again to large atmospheric absorption in the
vertical path, interference will not occur to the radiometer
when its antenna is directed at the interferor as seen from

the following:

Transmitter Power - 6.0 dB (W)
4 Antenna Gain = - 10 dB (i)

Spreading Loss = -125 aB (m~ %)

Atmospheric Absorption -100 dB

Radiometer Antenna
Effective Area
(main beam)

- 13.6 dB(m?)
-254.6 dB(W)

or well below the radiometer interference level of -157 dB(W).

*Based on assumed receiver noise figure of 15 dB.
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11.1.3 Conclusions on Sharing with Fixed and Mobile Services

Due to the low e.i.r.p.'s envisioned to be employed by
digital fixed and mobile systems and the high atmospheric
absorption which occurs in this band, sharing on a simultaneous

operational basis is feasible.

11.2 Inter-Satellite Service

The use of radio comnunication links between space stations
is basically an alternative to employing multiple earth station

antenna systems or multiple-~hop terrestrial cirruits.

Although there has generally been little study as to optimum
system configuration (frequency, bandwidth, power, link geometry,

etc.), the possible links are:

1) geostationary-to-geostationary satellite links;
2) geostationary-to-low orbit satellite links, and

3) 1low orbit-to-geostationary links.

Localized areas of interference could be encountered by a

spaceborne sensor when: 1) passing through the down-link
tracking beam of the geostationary satellite, 2) in close
proximity to an up-link transmitting low-orbiting satellite,

or 3) pointing (for a limb sounder) directly at the geostationary
satellite. Cumulative side lobe interference from multiple

inter-satellites is not expected to be an important factor.

IIB-11-6
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The following sections discuss thé potential for sharing
between Inter-Satellite Service links and passive remote sensors
operating in the frequency band. The analyses presented herein
are based on worst case conditions in order to address the

maximum levels of potential interference.

11.2.1 Geostationary-to-Geostationary Link

The only available documentation concerning geostationary-
to-geostationary inter-satellite links has been developed by
Study Group 4 of the CCIR. This documentation basically dis-
cusses communications between spacecraft less than about 3(C°
apart ir the geostationary orbit and indicates that the
optimum spacing for non-tracking geostationary-to-geostationary
links is frequency dependent. Study Group 4 is studying the
use of non-tracking communication services below 50 GHz.
Therefore, the technical characteristics upon which the under-
lying sharing analysis is based result from a hypothetical

system model which is presented in Annex 1IV.

The only interference modes, as discussed in Annex 1V,
that are of concern in this link are for a limb sounder main
beam coupling to either the geostationary satellite side lobes

or main beam.

II1B-11-7




11.2.1.1 rTechnical Characteristics

Several types of géostationary-to—geostationary inter-
satellite systems are discussed in Annex IV. The only inter-
ference situation occurs for a limb-sounding radiometer operating
within the transmit frequency band of a geostationary-to-

geostationary inter-satellite system with the following character-

istics:

Re~uired predetection C/N = 10.0 dB
Post detection C/N = 20 dB
Recuiver noise figure = 15 dB
Transmit Bandwidth = 2 GHz
Inter-satellite antenna gains = 64.4 dB(i)
Transmit power = 11.5 dB(W)
Inter-satellite spacing = 161.2°

The geostationary satellites utilize 4m antennas which are

capable of tracking the receiving geostationary spacecraft.

11.2.1.2 sharing Considerations

11.2.1.2.1 simultaneous Operations

In order to completely describe potential interference to
spaceborne radiometers from geostationary-to-geostationary
satellite links, a detailed dynamic sharing model is required.

However, an upper bound on the potential for large area

I1B-11-8
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interference situations can be determined under assumed worst
case conditions. The assumed interference geometry pre-

sented herein includes geostationary satellite spacing of

161° (beam grazing a 500 km orbital altitude) and a spaceborne
radiometer orbit inciination and pointing angle (limk sounder)
of the aatenna such that main beam to main beam antenna coupling
could exist. Although it is not expected that this interference
situation will ever occur, the following calculation presents an

upper bound on potential interference.

+ 75.8 dB(W)

Transmit e.i.r.p.

Bandwidth conversion factor -~ 9.3 (235 Mrz/2 GHz)

Spreading loss = ~163.3 dB
Radiometer effective area
(main beam & limb sounder) = + 8.2

- 88.6 dB(W)

or ¢8.4 dB(W) above the interference threshold of -157 4B (W).

Due to the very narrow antenna beamwidth employed by both
the spaceborne radiometers and geostationary satellites, large
isolation from interference may be obtained by small changes in
relative orientation of the two satellites. This upper bound
calculation indicates that no more than 3% (see Appendix IV) of
the radiomcter orbital sphere would be lost to data measurements

regardless of the radiometer orbital configuration. This upper

IIB-11-9
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bound loss would occur only for inter-satellite systems separated
by approximately 160° of the geostationary arc. For systems
separated less than 70° of the geostationary arc, no interference
could be received by the radiometer even when its antenna is
directed at the geostationary satellite. For satellite spacings
of between 70 and 161°, much less than 3% of the orbital sphere

would be lost to data measurements.

11.2.2 Geostationary to Low Orbit Link

A search of nat.( - al and international data files, as well
as published technical documentation has revealed no current
utilization or plans for future development of a geostationary
to low orbit link in the Inter-Satellite Service in this frequency
band. The sharing analysis presented herein is, therefore, based
on a theoretical estimate of the technical rarameters which would

be required to achieve communications on such a link.

11.2.2.1 Technical Characteristics

The technical characteristics of geostationary to low orbit
links in the Inter-Satellite Service have been estimated using
an assumed design employing spread spectrum technigues. The

spread spectrum'system design parameters are as follows:

Required predetection carrier to noise ratio = 10 dB
Receiver noise figure = 15 dB
Transmission bandwidth = 2 GHz
Geostationary satellite antenna gain = 60 dB(i)
Low orbit satellite antenna gain = 50 dB(i)

IIB-11-10

RN

a'!, .



T A N

The geostationary satellite transmitter power required to permit

communications over the link can be computed by the following

relationship:
P, = N+ 10dB - G - Ag + L
where: N = Receiver noise power

(2
]

£ Transmitting antenna gain

>
"

R Receiving antenna effective area

t
]

Spreading loss.

For the above system parameters the required transmitter power

is 23.7 dB(W).

11.2.2.2 Sharing Considerations

11.2.2.2.1 Simultaneous Operations

The worst case interference geometry would be main beam-
to-main beam coupling between the geostationary and the radiometer
antennas when limb sounders are employed. This interference
will occur when the geostationary satellite is tracking a
low-orbit satellite that is in the limb of the earth. The

interference level in this instance is computed as follows:
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Transmitted e.i.r.p. 83.7 dB(W)

Bandwidth conversion fact’ : - 9.3 dB (235 MHz/2 GHz)
-2

Spreading loss -163.0 dB(m )

Radiometer antenna effective

2
area (main beam) + 8.2 dB(m")
Received interference - 80.4 4B(W)

or 76.6 dB above the interference threshold of ~-157 dB(W). For
nadir looking radiometers, the interference would be 2.4 4B below
the interference level. This interference situation is of such

infrequent occurrence, that the loss of radiometer data would be

negligible.

A limb sounding radiometer will experience interference
whenever its main beam is directed at the side lobes of the

geostationary satellite as seen from the following calculations:

Transmitted e.i.r.p.

(0 dB(i) gain) 23.7 dB(W)
Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)
Spreading loss -163  dB(m %)

Radiometer antenna 2
effective a."ea (main beam) + 8.2 dB(m")

-140.4 aB(W)

or 16.6 dB above :he interference threshold.

IIB-11-12
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Although this level does constitute interference to the
radiometer, the length of time that interference would be above
threshold is of negligible impact to data measurements.
Additionally, the value calculated is conservative in that

no consideration is given to potential atmospheric attenuation

at the earth's limb.

Another mode of interference couplings, which could be
more significant, would occur whenever the radiometer passes
through the main beam of a geostationary-to-low-orbit link.
In this instance, coupling of the signal would be via the
side lobe of the radiometer antenpa, and the resulting inter-
ference level (identical for both limb and nadir radiometers)

is computed as follows:

Transmitted e.i.r.p. 83.7 dB(W)
Bandwidth conversion factox - 9.3 dB (235 MHz/2 GHz)
Spreading loss -163 dB(m %)
Radiometer antenna effective 2
area (side lobe) - 70.8 dB(m")
Received interference power -159.4 4B (W)

or 2.4 dB below the radiometer interference.threshold of -157 dB(W).

Consequently, for the interference geometries presented above,
no significant 'nterference will be experienced by the radiometer

due to the geostationary to low orbit link.
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11.2.3 Low Orbit to Geostationary Link

There is currently no available technical documentation
concerning development of a low orbit to geostationary links
in the Inter-Satellite Service in this frequency bénd. It
may be assuﬁed however, that the link design philosophy would
be similar to the geostationary to low orbit link described in

paragraph 11.2,2.

11.2.3.1 Technical Characteristics

The technical characteristics of the low orbit to geostationary
link have been estimated using an assumed design employing spread
spectrum techniques. The design parameters employed are given
in paragraph 11.2.3.1. Using the link calculation given therein,

the required transmitter power is determined to be 23.7 dB(W).

11.2.2.1 Sharing Considerations

11.2.3.2.1 Simultaneous Operations

The amount of interference received by the radiometer from
a transmitter located on a low orbit spacecraft is highly
dependent upon the distance between the two spacecraft, which
can vary from tens to thousands of kilometers. The spreading

loss therefore may fluctuate as much as 60 to 70 dB.

The likelihood of main beam-to-main beam coupling between
the two spacecraft is negligibly remote. The radiometer space-
craft would have to be directly above the low orbit communication

satellites and in juxtaposition with the geostationary satellites.

I1B-11-14
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The only potential for large areas of interference would
be from side lobe to side lobe coupling since the gain at most

of the 47 steradians around the antenna is at 0 dB(i) or lower.

The following calculation determines the separation distance
required between two spacecraft in order that side lobe coupling

does not cause interference.

Transmitted e.i.r.p. (0 dB gain) 23.7 dB(W)
Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)

Radiometer antenna effective

area {side lobe) -56.8 dB(mz)
Interference threshold - (=157 dB (W) )
Required spreading loss . 114.6 dB(m_z)

or a distance of 152 km.

In order for the spacecraft to pass within this distance, the
orbital altitude of the two spacecraft must be within 152 kilometers,
If the two spacecraft are to remain within this distance of each
other for a significant amount of time, the basic orbital parameters
must be nearly identical. It is highly improbable that two spacecraft

would be launched into such similar orbits unless it were a matter of

design.
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11.2.4 Conclusions on Sharing with Inter-Satellite Service g

. . E

Interference would be encountered by passive spaceborne
radiometers from operations in the Inter-Satellite Service only
when high gain coupling exists between the antennas of the two % ,
systems. Although it has not been possible to determine the
probability of this occurrence quantitatively (this would
involve a complex dynamic computer model) it appears that it
would be insignificant and the duratioﬁ of interference would
be of negligible impact to data measurements. An extreme worst
case model indicates a maximum data loss of less than 3%. More
realistic consideration would indicate that this value is high

by possibly several orders of magnitude.

Additionally, even a 3% loss of data in this band would not
impair operational radiometric measurements since measurements

are being made of large scale atmospherics.

Conseqgeuntly, sharing on a simultaneous operational basis
between passive spaceborne sensors and _hese two services is
considered feasible, and a primary, co-equal allocation is

feasible.

IIB-11-16
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USER_REQUIREMENTS

The principal measurements to be made in this band are
simultaneous observations of various emissions of molecular
oxygen required to construct temperature profiles for the lower
atmosphere. The requested band is relatively broad in order to
encompass a number of the closely space oxygen (02) lines from
the 50-70 GHz complex of lines. The band was chosen to allow
observation on a number of closely space channels within the

band, each providing different altitude information.

Temperature profiles are required over all typas of land
and water surfaces. A relatively small, 10 km or less, resolution
element on the surface provides a number of overland observation
sites that may be used without severe contamination by the
variation of surface emission within a beam. Observations in
this band will require supporting observations in the low
attenuation frequency bands at 37 and 90 GHz in order to provide
estimates of the surface, rain, and cloud effects. For a satel-
lite in a 500 km orbit, a 10 km resolution requires the use of a
0.2 meter antenna, depending on pointing angle. Since the antenna
beam traverses a point on the surface in less than 1.0 seconds,

the integration time must be less than 1.0 seconds.
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The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is desired. The integration time
is determined, not only by the orbit altitude and antenna
resolution, but by the along-track region from which the bulk
of the emissions emminate from. Typically, this along-track
dimension is on the order of 300 km. In order not to take
measurements from the same volume on the next scan, the space-
craft should move at least 300 km before starting a new scan.
For a 500 km circ:lar orbit, a 2 km vertical resolution, and

an 84 km vertical scan, a 1 second integration time is required.

The multifrequency temperature profiling observations need
an accuracy of better than 0.3 K to provide temperature estimates
within an accuracy of 1 to 2°C. For a Dicke radiometer, with
a system noise temperature of 2,300 K, a 0.3 K sensitivity
and 1 second integration time, the minimum bandwidth required
per measurement channel is 235 MHz. Multiple 235 MHz channels
in numerous bands between 50-70 GHz are required to provide

temperature soundirg approximately every 2 km in altitude.

Temperature profile measurements are needed to support
numerical weather forecasting services and observations are

required twice per day.

IIB-12-2
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SHARING ANALYSIS

The 64.0-65.0 GHz frequency band is currently allocated to

the Space Research Service on a primary basis in ITU Regions 1,

2, and 3. Since the Earth Exploration Satellite Service (passive)

can inherently share with another passive service a primary

co-equal allocation is feasible.
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USER_REQUIREMENTS

The principal measurements in this band is clouds. The
spatial resolution required for cloud observations is 1 km. For
a low orbiting satellite in a 500 km circular orbit, a 1 km
resolution requires a 1.2 meter antenna. Since the antenna beam
traverses a point in less than 0.1 seconds, the integration time

must be less than 0.1 second.

Not only are these measurements utilized for clouds, but are
an integral part of simultaneous temperature profile measurements.
This band is in the atmospheric low attenuation region between
the 50-70 GHz oy gen line complex and the isolated oxygen line
at 118.75 GHz; hence, surface and cloud effec.s on temperature
profile data can be corrected. Measurements are required at this
frequency with sufficient accuracy, 0.2 K, to support the

temperature profiling application.

For a Dicke radiometer with a 2300 K system noise temperature,
a 1.0 K sensitivity, and a 0.1 second integration time, a minimum
bandwidth of 230 MHz is required. 1In order to image a swath,
multiple 26-beam position, limited scanning antennas could be
utilized. This would require an integration time of 0.003 seconds

and a bandwidth of 6,000 MHz.

Observations are required twice per day to support the
temperature profiling applications and once per six hours for

clou.: measurements.
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SHARING ANALYSIS

The 86-92 GHz band is currently allocated to Radio
Astronomy and the Space Research (passive) Services. It is
proposed that the band be shared with the Earth Exploration
Satellite (passive) Service also. Since the abcve passive
services can inherently share with other passive services,

frequency sharing is feasible.

Consequently a primary, co-equal allocation is feasible.

11B-13-2
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric

nitrous oxide and ozone. Limb scanning measurements are utilized

due to certain weak emmissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, paths through the stratosphere.
Observations are required at and near the nitrous oxide and

ozone lines. Measurements made at this frequency require a high,
0.2 K sensitivity to detect nitrous oxide or ozone in the presence

of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The nitrous oxide line occurs
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at 100.5 GHz and the ozone line occurs at 101.7 GHz. Therefore,

the overall bandwidth reqﬁired covers the 99.5 to 102.7 GHz range.

The atmospheric constituents such as nitrous oxide and ozone
vary slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.
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SHARING ANALYSIS

Portions of the 100-102 GHz band are currently allocated to
the Aeronautical Mobile-Satellite, Maritime Mobile-Satellite,
Aercnautical Radionavigation-Satellite, Maritime Radionavigation-

Satellite and Space Research (passive).

Within the 100-101 GHz Spectral region it has been proposed
that the following services be added: Aeronautical Mobile,
Maritime Mobile, Aerocanutical Radionavigation, Maritime Radio-

navigation, Space Research (passive) and Earth Exploration i

Satellite (passive).

Since Space Research (passive), which is in the 101-102 GHz
spectral region, can inherently share with another passive service,
the following analyses addresses the frequency sharing potential

with active allocated and proposed services.

This band was not allocated until 1971, when the World
Administrative Radio Conference - Space Telecommunications (WARC-ST)
made the allocations indicated above. The impermanence of these
initial allocations is demonstrated by the sweeping changes which
are being considered for U.S. proposals to the GWARC - 1979 as

evidenced in the above proposed allocations.

14.1 Technical Characteristics

The utility of these frequencies for aeronautical and maritime
services is an unknown factor, despite the notation in the forth-

coming FCC 3rd Notice of Inquiry (Docket 20271) that: "This frequency band

;
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will be used for ship and aircraft communications, position determination

and air traffic control".

All major communications and navigation functions in these
services are now implemented below 5250 MHz, with some experimentation
up to about 15 GHz. The financial viability of budgeting, developing
and procuring several new generations of equipment by the year 2000

is seriously questioned.*

Since no equipment, systems, or plans exist in any published
literature or government reports indicating the technical characteristics
of equipments or systems in this band, it is unwise to attempt to
postulate the type of system which might operate in the 100-102 GHz
band. A selection of system parameters in this band would be purely

arbitrary and the results possibly misleading.

Additionally two other frequency bands below 100 GHz are proposed
for allocation to these same services, 45-50 GHz and 66-71 GHz.
Considering this, it is not reasonable to expect successive transitions

from 5 to 50 to 70 to 100 GHz between now and the year 2000.

* "40 & 80 GHz Technology and Assessment and Forecasting," prepared
by NSL under contract NAS3-19724 to NASA Lewis Research Center,

April 1976.
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14.2 Conclusions

i . The probability appears very low, that there will be

. substantial occupancy of the 100-102 GHz band, by the designated
Services before the year 2000. It is proposed that all services
presently allocated and proposed for use in the 100-102 GHz band
be deleted with the exception of Space Research (passive) and

i Earth Exploration Satellite (passive) Services. Sharing on a
simultaneous operational basis between spaceborne microwave

sensors and the Space Research (passive) Service is feasible.
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FREQUENCY BAND 105.0 -~ 126.0 GHz
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USER _REQUIREMENTS

The measurements in this band are required to support a
number of sensor applications ranging from geosynchronous
satellite observations of temperature profiles to limb scanning
observations of the stratospheric trace constituents ozone, i

nitrous oxide, and carbon monoxide.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is desired. The integration time
is determined, not only by the orbit altitude and antenna
resolution, but by the along-track region from which the bulk
of the emissions emminate from. Typically, this along-track
dimension is on the order of 300 km. In order not to take
measurements from the same volume on the next scan, the space-
craft should move at least 300 km before starting a new scan.
For a 500 km circular orbit, a 2 km vertical resolution, and
an 84 km vertical scan, a 1 second integration time is required.
For geostationary observations, the integration, or dwell, time
on a resolution element can theoretically vary from 0 to infinity.
However, in order to make full earth images within the time between
dynamic atmospheric changes, an integration time of one second p

is considered a practical maximum for each spot.
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Measurements in this band require the same sensitivity,
0.2 XK, as in all bands above 100 GHz. For a Dicke radiometer
with a 4300 K system noise temperature, a 0.2 K sensitivity,
and one second integration time, a bandwidth of 1850 MHz is
required. The ozone line occurs at 110.8 GHz and carbon
monoxide occurs at 115.3 GHz. Temperature sounding requires
multiple frequencies centered on and around the oxygen line
at 118.75 GHz. Therefore, the overall bandwidth required covers

the 105-126 GHz range.

Temperature profiles are required four times per day to
provide the data required for automated weather forecasts. Trace
constituents observations are required once per week to support

seasonal and long-term climate studies.
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SHARING ANALYSIS

The 105-126 GHz band is currently allocated to the
Inter-Satellite Service in Regions 1. 2, and 3. Proposed
additions include the Fixed and Mobile Service in all three
regions. The following sections analyze the sharing potential
between passive spaceborne sensors and the Fixed, Mobile and

Inter-Satellite Services.

15.1 Fixed and Mobile Services

A survey of available national and international data
files indicates that there are no Fixed and Mobile Service
assignments at this time. It is possible, however, that such
use will occur at a future date. Although the Radio Regula-
tions would allow fixed and mobile systems in all three regions,
it is anticipated that installations would be concentrated in
highly developed, populated areas, rather than in the more

sparsely populated and oceanic areas.

Fixed and Mobile Service development in the 105-126 GHz
band can be expected to make use of digital encoding techniques
rather than the analog technology used for fixed and mobile
systems below 15 GHz. It is expected that the systems installed
will consist primarily of fixed link facilities employing

relatively high gain antennas.

18
IGINAL PAGE
OR POOR QUAIITY

IIB-15-3

S o i BT
LR S Lt e e



TE oo om

15.1.1 Technical Characteristics

The technical chafacteristies of the yet undeveloped Fixed
and Mobile Services in the 105-126 GHz band are expected to
follow the basic guidelines given in CCIR Reports 387-1, 609

gand 610, These guidelines and technical specifications are
concerned with broadband, high capacity digital transmissions

in which a high speed digital signal is used to modulate the

RF carrier by means of phase shift keying.

The prime factors driving the design and implementation
of radio links in frequency bands above about 50 GHz are the
amounts of absorption due to oxygen and water vapor, and the
very large attenuations due to rainfall. These factors limit
radio link hops to much smaller distances tban conventionally
employed at frequencies below 15 GHz. It is estimated that
the allocation for Fixed and Mobile Services in the 105-126
GHz region will be used for intra-city communication networks

with hop lengths of 1 km or less.

The following calculation of required fixed or mobile
transmitter power is based on an sssumed requirement to provide
a 45 dB fade margin and a C/I ratio of 14 dB at the fixed or

mobile receiver:

P =C-0 2

¢ e 1/41R

- F.M. + AR
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where: P

required transmitter power

C = received carrier power to provide C/N*
of 14 dB (-91.8 dB(W))

2
"

R = hop length (1 km)

=
=
[

= fade margin (45 dB)

>
]

or a required transmitter power of

15.1.2 sharing Considerations

15.1.2.1 Simultaneous Operations

transmit antenna gain (45 dB(i))

, 2
receive antenna effective area -18 dB(m’)

-3.0 dB(W).

Normal radiometric measurements in this band will be for

sounding of the earth's limb. The
would occur from main beam-to-main

of this interference is calculated

Transmitter Power
Antenna Gain =
Spreading Loss =

Atmospheric Absorption

Radiometer Antenna
Effective Area
(main beam) =

maximum level of interference
beam coupling. The level

below:

- 3.0 dB(W)
+ 45 dB(i)
-139  dB(m %)

70-100 dB

+ 2.3 dB(m?)

-164.7 dB(W)

or 14.7 dB below the radiometer interference level. Considering

that as many as 4 interferors could simultaneously be in the

main beam horizontal resolution element (4 km) of the radiometer,

the interference would still be 8.7 dB belowv threshold.

*Based on assumed receiver noise figqure of 15 dB.
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15.1.3 Conclusions on Sharing with Fixed and Mobile Services

Due to the low e.i.r.p.'s envisioned to be employed by
digital fixed and mobile systems and the high atimospheric
absorption which occurs in this band, sharing on 2 simultaneous

operational basis is feasible.

15.2 Inter-Satellite Service

The use of radio communication links between space stations
is basically an alternative to employing multiple earth station

antenna systems or multiple-hop terrestrial cirruits.,

Although there has generally been little study as to optimum
system configuration (frequency, bandwidth, power, link geometry,

etc.), the possible links are:

1) geostationary-to-geostationary satellite links;
2) geostationary-to-low orbit satellite links, and

3) 1low orbit-to-geostationary links.

Localized areas of interference could be encountered by a

spaceborne sensor when: 1) passing through the down-link
tracking beam of the geostationary satellite, 2) in close
proximity to an up-link transmitting low-orbiting satellite,

or 3) pointing (for a 1imb sounder) directly at the geostationary
satellite. Cumulative side lob2 interference from multiple

inter-satellites is not expected to be an important factor.

IIB-15-6
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The following sections discuss the potertial for sharing
between Inter-Satellite Service links and passive remote sensors
operating in the frequency band. The analyses presented herein
are based on worst case counditions in order to address the

maximum levels of potential irterference.

15.2.1 Geostationary-to-Geostationary Link

The only available documentation concerning geostationary-
to-geostationary inter-satellite links has been developed by
Study Group 4 of the CCIR. This docum ntation basically dis-
cusses communications between spacecraft less than about 30°
apart in the geostationary orbit and indicates that the
optimum spacing for non-tracking geostationary-to-ge:t ationary
links is frequency dependent. Study Group 4 is studying the
use of non-tracking communication services below 50 GHz.
Therefore, the technical characteristics upon which the under-
lying sharing analysis is based result from a hypothetical

system model which is presented in Annex IV.

The only interfrrence modes, as discussed in Annex 1V,
that are of concern in this link are for a limb sounder main
beam coupling to either the geostz*ionary satellite sile lolkes

or main beam.
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15,2.1.1 Technical Characteristics

Several types of géostationary-to—geostationary inter-
satellite systems are discussed in Annex IV. The only inter-
ference situation occurs for a limb-sounding radiometer operating
within the transmit frequency band of a geostationary-to-
geostationary inter-satellite system with the following character-

istics:

T P

Required predetection C/N = 10.0 4B
; Post detection C/N = 20 dB é
% Xeceiver noise figure = 16 dB |
! Transmit Bandwidth = 2 GHz
. Inter-satellite antenna gains = 64.4 dB(i)

Transmit power = 18.8 dB(W)

Inter-satellite spacing = 161.2° ’

e T .,

The gec ~tationary satellites utilize 4m antennas which are

capable of tracking the receiving geostationary spacecraft.

15.2.1.2 Sharing Considerations ;

15.2.1.2.1 Simultaneous Operations

In order to completely describe potential interference to

spaceborne radiometers from geostationary-to-geostationary

satellite links, a detailed dynamic sharing model is required.

However, an upper -bound on the potential for large area

IIB-15-8
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interference situations can be determined under assumed worst
case conditions. The assumed interference geometry pre-

sented herein includes geostationary satellite spacing of

161° (beam grazing a 500 km orbital altitude) and a spaceborne
radiometer orbit inclination and pointing angle (limbt sounder)
cf the antenna such that main beam to main beam antenna coupling
could exist. Although it is not expected that this interference
situation will ever occur, the following calculation presents an

upper bound on potential interference.

Transmit e.i.r.p. + 83.2 AB(W)

Spreading loss = -163.3 dB
Radiometer effective arcea
(main beam & limb sounder) =

+ 2.3

-77.8 dB(W)

or 72.2 dB(W) above the interference threshold of -150 4R W).

Due *+o the very narrow antenna beamwidth employed by both
the spaceborne radiometers and geostationary satellites, large
isolation from interference may be obtained by small changes ig
relative orientation of the two satellites. This upper bound
calculation indicates that no more than 3% (see Appendix IV) of
the radiometer orbital sphere would be lost to data measurements

regardless of the radiometer orbital configuration. This upper

I1B~15-9

RES ottt et i A e

5 i T

o e e o e Sy 4 —————— 1 " ,,‘



[T np—

bound loss would occur only for inter-satellite systems separated

by approximately 160° of the geostationary arc. For systems

[P e -

? separated less than 45° of the geostationary arc, no interference
could be received by the radiometer even when its antenna is
directed at the geostationary satellite. For satellite spacings
of between 45 and 161°, much less than 3% of the orbital sphere

would be lost to data measurements.

[ 15.2.2 Geostationary to Low Orbit Link

i A éearch of national and international data files, as well
as published technigcal documentation has revealed no current. .. .- - -
utilization or plans for future development of a geostationary
to low orbit link in the Inter-Satellite Service in this frequency
band. The sharing analvsis presented herein is, therefore, based
on a theoretical estimate of the technical parameters which would

P be required to achieve communications on such a link.

15.2.2.1 Technical Characteristics

AR A ) i o -

The technical characteristics of geostationary to low orbit
links in the Inter-Satellite Service have been estimated using
an assumed design employing spread spectrum techniques. The

spread spectrum system design parameters are as follows:

1 Required predetection carrier to noise ratio = 10 dB
Receiver noise figure = 15 dB
Transmission bandwidth = 2 GHz
Geostationary satellite antenna gain = 60 dAB(i)
i : Low orbit satellite antenna gain = 50 dB(i)
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The geostationary satellite transmitter power required to permit

communications over the link can be computed by the following

relationship:
= +1OdB-G"A+L
Pt N t R
where: N = Receiver noise power
i Gt = Transmitting antenna gain
AR = Receiving antenna effective area
L = Spreading loss.

L - - - - — . - . - - . - - N e me

For the above system parameters the required transmitter power

is 29.5 dB(W).

15.2.2.2 Sharing Considerations

: 15.2.2.2.1 simultaneous Operations

The worst case interference geometry would be main beam-

to-main beam coupling between the geostationary and the radiometer

antennas when limb sounders are employed. This interference
will occur when the geostationary satellite is acking a
low-orbit satellite that is in the limb of the earth. The

interference level in this instance is computed as follows:
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Transmitted e.i.r.p. 89.5 dB(W)
-2
Spreading loss -163.0 dB(m °)
Radiometer antenna effective 2
i 2.4 g
area (main beam) + . B(m™)
Received interference ~71.1 dB(W)

or 78.8 dB above the interference threghold of -150 dB(W). For

nadir looking radiometers, the interference would be 0.1 dB below

the interference level. This interference situation is of such
infrequent occurrence, that the loss of radiometer data would be

negligible

o -~ o ot - - _ e

A limb sounding radiometer will experience interfere:mnce
whenever its main beam is directed at the side lobes of the
geostationary satellite as seen from the following calculations:

Transmitted e.i.r.p.
(0 dB(i) gain) 29.5 dB(W)

Spreading loss -163  dB(m~ %)

Radiometer antenna 2
effective area (main beam) + 2.4 dB(m")

-131.1 dB(W)

or 18.9 dB above the interference threshold.

IIB-15-12

et e e e,




UREE——

PR

is

P s S TN TR Y

Although this level does constitute interference to the

radiometer, the length of time that interference would be above

threshold is of negligible impact to data measurements.

Additionally, the value calculated is conservative in that

no consideration is given to potential atmospheric attenuation

at the earth's limb.

Another mode of interference couplings, which could be

more significant, would occur whenever the radiometer
through the main beam of a geostationary-to-low-orbit

In this instance, coupling of the signal would be via

“side lobe of the radiometer antenna, and the resulting

passes
link.
the

inter-

ference level (identical for both limb and nadir radiometers)

is computed as follows:

Transmitted e.i.r.p. 89.5 dB(W)
Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)
Spreading loss ~163  d&B(m %)
Radiometgr antenna effective 2
area (side lobe) -76.6 dB{m")
Received interference power -150.1 dB(W)

- g e T .

R

or 0.1 dB below the radiometer interference'threshold of -150 dB(W).

Consequently, for the interference geometries presented above,
no significant interference will be experienced by the radiometer

due to the geostationary to low orbit link.
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15.2.3 Low Orbit to Geostationary Link

There is currently no available technical documentation
concerning development of a low orbit to geostationary links
in the Inter-Satellite Service in this frequency bénd. It
may be assumed however, that the link design philosophy would
be similar to the geostationary to low orbit link described in

paragraph 15.2.2.

15.2.3.1 Technical Characteristics

The technical characteristics of the low orbit to geostationary
link have been estimated using an assumed design employing spread
spectrum techniques. The design parameters employed are given
in paragraph 15.2.2.1. Using the link calculation given therein,

the required transmitter power is determined to be 29.5 dB(W).

15.2.3.2 Sharing Considerations

15.2.3.2.1 Simultaneous Operations

The amount of interference received by the radiometer from
a transmitter located on a low orbit spacecraft is highly
dependent upon the distance between the two spacecraft, which
can vary from tens to thousands of kilometers. The.spreading

loss therefore may fluctuate as much as 60 to 70 dB.

The likelihood of main beam-to-main beam coupling between
the two spacecraft is negligibly remote. The radiometer space-
craft would have to be directly above the low orbit communication

satellites and in juxtaposition with the geostationary satellites.

IIB-15-14
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The only potential for large areas of interference would
be from side lobe to side lobe coupling since the gain at most

of the 47 steradians around the antenna is at 0 dB(i) or lower.

The following calculation determines the separation distance ?

required between two spacecraft in order that side lobe coupling

does not cause interference.

Transmitted e.i.r.p. (0 4B gain) 29.5 dB'W)

Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)

Radiometer antenna effective

area (side lobe) -62.6 dB(mz)
Interference tl'reshold ~( ~-150 dB(W))
-2

Required spreading loss : 116.9 dB(m )

or a distance of 197 km.

In order for the spacecraft to pass within this distance, the
orbital altitude of the two spacecraft must be within 197 kilometers.
If the two spacacraft are to remain within this distance of each
other for a significant amount of time, the basic orbital parameters
must be nearly jdentical. It is highly improbable that two spacecraft

would be launched i1nto such similar orbits unless it were a matter of

design.
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15.2.4 Conclusions on Sharing with Inter-Satellite Service

Interference would be encountered by passive spacebo.ae
radiometers from operations in the Inter-Satellite Service only
when high gain coupling exists between the antennas of the two
systems. Although it has not been possible to determine the
probability of this occurrence quantitatively (this would
involve a complex dynamic computer médel) it appears that it
would be insignificant and the duration of interference would
be of negligible impact to data measuremants. An extreme worst
case model indicates a maximum data loss of less than 3%. More
realistic consideration would indicate that this value is high

by possibly several orders of magnitude.

Additionally, even a 3% loss of data in this band would not
impair operational radiometric measurements since measurements

are being made of large scale atmospherics.

Consequently, sharing on a simultaneous operational basis
between these two services is considered feasible and a primary,

co-equal allocation is feasible.
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SECTION 16

FREQUENCY BAND 150-151 GHz
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric
nitrous oxide. Limb scanning measurements are utilized due to the

weak emissions above 100 GHz and high atmospheric loss encountered

e < Vs e

by nadir devices. Limb scanning instruments utilize long, nearly

horizontal, paths through the stratosphere. Observations are i
required at and near the nitrous oxide line. Measurements made at
this frequency require a high, 0.2 K sensitivity to detect nitrous

oxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is vequired. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular oroit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The nitrous oxide line occurs
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at 150.7 GHz.

The atmospheric constituents such as nitrous oxide vary
slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.
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SHARING ANALYSIS

The 150-151 GHz band is currently allocated to the
Fixed-Satellite Service in Regions 1, 2 and 3 for Space-to-
Earth links. Proposed additions include the Fixed and Mobile
Service in all three regions. The following sections analyze
the sharing potential between passive spaceborne sensors and

the Fixed, Mobile and Fixed-Satellite Services.

16.1 Fixed and Mobile Services

A survey of available national and international data
files indicates that there are no Fixed and Mobile Service
assignments at this time. It is possible, however, that such
use will occur at a future date. Although the Radio Regulations
would allow fixed and mobile systems in all three regions, it
is anticipated that installations would be concentrated in
highly developed, populated areas, rather than in the more

sparsely populated and oceanic areas.

Fixed and Mobile Service development in the 150-151 GHz
band can be expected to make use of digital encoding techniques
rather than the analog technology used for fixed and mobile
systems below 15 GHz. It is expected that the systems installed
will consist primar:iy of fixed link facilities employing

relatively high gain antennas.
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16.1.1 Technical Characteristics

The technical characteristics of the yet undeveloped
Fixed and Mobile Services in the 150-~151 GHz hand are expected
to follow the basic guidelines given in CCIR Reports 387-2,
6C9 and 610. These guidelines and technical swecifications are
concerned with broad.,and, high capacity digital transmissions
in which a high speed digital signal is used to modulate the ;

RF carrier by means of phase shift keying.

The prime factors influencing the design and implementation
of radio links in the frequency bands above about 50 GHz are
the amounts of absorption due to oxygen and water vapor, and
the very large attenuations due tc rainfall. These factors
limit radio iink hops to much smaller distances t. an conventionally ‘
employed at frequencies below 15 GHz. It is anticipated that the
allocation for Fixed and Mobile Services in the 150-151
GHz band will be used for intra-city communication networks with

hop lengths of 1 km or less.

The following calculation of required fixed or mobile
transmitter power is based on an assumed requirement to provic:
a 45 dB fade margin and a C/I ratio of 14 dB at the fixed or

mobile receiver:

—~— - 2-
Pt =C + FM Gt + 10Log (47R") AR
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where: P required transmitter power

C = received carrier power to provide C/N*
of 14 dB. (-91.8 dB(W))

G, = transmit antenna gain (45 dB(i))
R = hop lenagth (1 km)
FM = fade margin (4% dB)

A = receive antenna effective area
(-20dB (m?) )

cr a rcquired transmitter power of -0.7 dB(W).

16.1.2 Sharing Considerations

16.1.2.1 ESimultaneous Operations

Normal radiometer sensing in this band is the limb sound-
ir y of the earth's atmosphere. 1In this mode, the radiometer

antenna is directed at or above the earth's horizon.

Th~ worst -ase interference situat on would occur when
the mai- beam of the radiometer ic directed at the main beam
of the terrestrial station. The level of this interference

would be the fcllowing:

Transmitter Power = -~ 0.7 dB(W)

Antenna Gain = 45 dB (i)

-139 dB(m'z)

Spreading Loss
Atmospheric Absorptioa =>=100 ds
Radiometer Antenna

Effective Area = 15.7 dB(mZ)
(mair beamn)

-210.4 dB(W)
or 60 dB below the radiometer interference level.

*Based on assumed receiver noise figure of 15 dB.
ORIGINAL PAGE IS
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16.2 Fixed-Satellite Service

A survey of available national and international
assignment data files indicates that there are no Fixed-
Satellite Service assignments at this time. It is possible,

however, tnat such use will occur at a future date.

It is anticipated that Fixed-Satellite operations in
the 150~151 GHz band will make use of multiple feed high gain
antennas resulting in coverage of national areas by a number
of spot beams. A similar design philosophy would be employed
for both up and down links to enable frequency reuse in non-

adjacent beam patterns.

16.2.1 Technical Characteristics

The technical characteristics for the as yet undeveloped
Fixed-Satellite systems in this band are expected to follow
the same basic philosophy proposed for Fixed-Satellite systems
in ilower allocated bands. This philosophy implies the use of
relatively high gain antennas at both the spacecraft and earth
stations resulting in coverage of a large area by a number of
spot ‘eams rather than by use of a single broad beam. 1In
the 150-151 GHz band, space-earth links are subject to consi-
derable fading due to the variability of water vapor in the
atmosphere and transient weather phenomena such as heavy
clouds, rainfall, etc. A communications link designed to

overcome this obstacle would need to employ extremely high
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gain antennas and/or large transmitting powers. On the space-
craft end of the link, the antenna gain is limited to appro-
ximately 65 dB(i) by the pointing accuracy achievable with the
spacecraft altitude control system. There is also a limit

on transmitter power, since the power needed to operate the
spaceborne transmitter is generated on the spacecraft. It

is anticipated that the fading associated with operations in
this band would be overcome by space diversity techniques.
Terrestrial stations would be placed in locations such that
the probability that they would be affected by the same
weather disturbance would be rather small. The link fade
margin needed in a diversity system would be defined by the
fades expected due to pointing errors and humidity effects
which might be common to both terrestrial sites. A margin

of about 12 dB would be sufficient.

The following calculation of required geostationary satel-
lite transmitter power is based on an assumed 10 4B fade
margin, a required receiver C/N ratio of 15 dB, and a terres-
trial station noise figure of 16 dB. The link calculation
assumes a terrestrial antenna elevation of 10° (worst-case

for atmospheric absorption):

P, =N+ C/N + FM - Gt + 10 log(4wR2) + La - A

t R

where: Pt is the required transmitter power
N is the receiv~i noise power at input
C/N is the r2quired carrier to noise ratio (15 dB)

at receiver input
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G, is the spacecraft transmitter antenna gain

t
(65 dBi)

10 log(4nR?) is the spreading loss (163 dB (m~ %)

L, is the atmospheric absorption

A_ is the terrestrial receiving antenna effective

R

area (0 dB(mz) for gain of 65 dBi)

Required C/N ratio
Receiver Noise Power
(15 dB noise figure in 40 MHz
bandwidth)
Required Received Power
Receiving Antenna Effective Area
Fade Margin
Spreading Loss
Atmospheric Absorption
Transmitting Antenna Gain

Required Transmitter Power

15 4B

=113.1 4B (W)

~97.1 4B (W)
-0 dB(m?)
12 4B

163 4aB(m~2)
+11.5 aB

-{ +65 dB (i)}

23.4 4B(W)

The resulting transmitter parameters are given as

follows:

16.2.2

Transmitter Output Power
Transmitter Antenna Gain

Transmitted e. i. r. p.

Sharing Considerations

16.2.2.1 Simultaneous Operation

23 dB(W)

65 dB(i)

88 dB (W)

Normal radiometer operations in the 150-151 GHz vand

will be for etmospheric measurement at the earth's limb.

I1IB-i6-8
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radiometer susceptible interference level will be -150 4B(W). j

3 antenna will have a main beam gain of 49.3 dB(i) and the
g Interference may be propagated to the radiometer either
H
!

on a direct path from the geostationary satellite or by

backscatter from the earth.

i The interference resuliing from direct path coupling

< into the backlobe of the radiometer antenna is computed as ‘

follows:

Geostationary Satellite e.i.r.p. = 88 dB (W)
Spreading Loss ~162 aB(m 2
Radiometer antenna effective 2
area (backlobe) - 82 dB(m")
Interference Level -156 dB(W)

or 6 dB below the interference threshold of =150 4B(W).

STV .

The interference resulting from direct path coupling

into the sidelobe of the radiometer antenna is computed as

follows:

Geostationary Satellite e.i.r.p. 88 dB (W)
Spreading ioss -163 dB(mﬂz)
Radiometer antenna effective 2
area - 79 dB(m")

~154 4B (W)

or 4 dBbelow the interference threshold of -150 dB(W).

It is also possiblie to achieve main lobe tc main lobe

coupling if the geostationary satellite appears directly beyond

-

the limb of the earth as viewed from the radiometer.

ORIGINAL PAGE IS
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In this circumstance the signal is subjected to atmos-
pheric attenuation equal to twice the surface to space
tangential path absorption and the interference level is

computed as follows:

Geostationary Satellite e.i.r.p. = 88 dB (W)

Spreading Loss Loss = =163 dB(m %)

Atmospheric Absorption = =340 4B

Radiometer Antenna Effective

Area (main beam) = - 15.7 dB
-430.7 dn~ (W)

or 280.7 dB below the interference threshold.

It is possible that up to 50% of the signal from the
geostationary satellite could be reflected from the earth's
atmopshere. Note that if reflection is from upper layers
of the atmosphere there is no absorption of the reflected

signal.

The int_rference for this mode is computed as

follows:
Geostationary Satellite e.i.r.p. 88 dB (W)
Spreading Loss -163 dB
Power Flux at atmosphere - 75 dB(W/m'z)
Reflection cross section
(area subtepded by radio- 2
meter beamwidth) + 86.7 dB(m"™)
Efficiency factor 50% - 3 dB(wW)
Reflected Cignal e.i.r.p. + 8.7 AB(W)

IIB-16-10
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Spreading Loss -139  dB(m™?)

Radiometer Antenna Effective 2
Area (main beam) - 15.7 dB(m®)

Received Interference Power -146.0 4B(W)

or 4 dB above the interference threshold of -150 dB(W).

The loss of coverage area associated with the interference
is negligibly small. It is, therefore, feasible to operate
sensors in this band on a simultaneous operational basis
with the Fixed-Satellite Service.

16.2.3 Conclusions on Sharing with the fixed-Satellite
Service

Sharing on a simultaneous operational basis with the
Fixed-Satellite Service is feasible. The criteria for sharing
is that the e.i.r.p. of the Fixed-Satellite Service space-

craft transmitter does not exceed 88 dB(W).

BIS
ORIGINAL PAG
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SECTION 17

FREQUENCY BAND 174.5-176.5
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USER_REQUIREMENTS

The primary measurements in this band are of stratospheric

e e St 05 SRR

nitrous oxide. Limb scanning measurements are utilized

due to certain weak emissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, paths through the stratosphere.

Observations are required at and near the nitrous oxide 1line.

Measurements made at this frequency require a high, 0.2 K

sensitivity to detect nitrous oxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vercical resolution is required. The integratior time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. 1In order not to take measurements from the same volume on
the next scan, the spa:ecraft should move at least 300 km before |
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a ,
0.2 K sensitivity and one s2cond integration time, the minimum

bandwidth required .s 1850 MHz. The nitrous oxide line occurs .

I1B-17
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at 175.8 GHz.
The atmospheric constituents such as nitrous oxide vary
slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.

IIB-17-2
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SHARING ANALYSIS

The 174.5~176.5 GHz band is currently allocated to the
Inter-Satellite Service in Regions 1, 2, and 3. Proposed
additions include the Fixed and Mobile Service in ail threce
regions. The following sections analyze the sharing potential
between passive spaceborne sensors and the Fixed, Mobile and

Inter-Satellite Services.

17.1 Fixed and Mobile Services

A survey of available national and international data
files indicates that there are no Fixed and Mobile Service
assignments at this time. It is possible, however, that such
use will occur at a futurc date. Although the Radio Regulations
would allow fizzed ard mobile systems in all three rogions, it
is anticipated that installations would be concentrated in
highly developcd, populated areas, rather than in the more

sparsely populated and occanic areas

Fixed and Mobile Service development in the 174.5-176.5 GHz
band can be cxpected to make use of digital encoding techniquces
rather than on the analog technology uscd for fixed and mobile
systems below 15 GHz. It is expected that the systems installed
will consist p:imarily of fixed link facilities cmploying

relatively bhigh gain antennas.

ORIGINAL PAG' 15
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17.1.1 rTechnical Characteristics

The technical characteristics of the yet undeveloped
Fixed and Mobile Services in the 174.5-176.5 CGHz region are
expected to follow the basic guidelines given in CCIR Reports
387-1, 609 and 610. These guidelines and technical specifica-
tions are concerned with broadband, high capacity digital trans-
missions in which a high speed digital signal is used to modulate

the RF carrier by means of phase shift keying.

The prime factors driving the design and implementation
of radio links in frequency bands above about 50 GHz are the
amounts of absorption due to oxygen and water vapor, and the very
large attenuations due to rainfall. These factors limit radio
link hopes to much smaller distnaces than conventionally employed
at frequencies below 15 GHz. It is estimated that the alloca-
tion for Fixed and Mobile Services in the 174.5-176.5 GHz region
will be used for intra-city communication networks with hop

lengths of 1 km or less.

The following calculation of required fixed ~r mobile
transmitter power is based on an assumed rejui- ::-. to provide
a 45 dB fade margin and a C/I r-tioc of 14 4B at ..2 fi . or

mobile receiver:

Pp,=C - Gt - 1/4TTR2 - F.M. + A

t R

II1B-17-4
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where: P, = required transmitter power

C = received carrier power to provide C/N¥
of 14 4B (-90.8 4B(W))

G, = transmit antenna gain “45 dB(i))
R = hop length (1 km)

F.M. = fede margin (45 dB)

>
]

R receive antenna effective area (-21.3)
or a required transmitter power of +1.67 dB(W).

17.1.2 sharing Considerations

17.1.2.1 Simultaneous Operations

Normal rac<iometric sensirg in this band will be for sounding
of the earth's limb. In this case, the radiometer's antenna is
directional at or above the earth's horizon. The worst case
interference situation would occur when the antenna is directed
at a terrestrial station and in the terrestrial station main

beam. This level of interference would be:

Transmitter Power + 1.6 4dB(W)

Anvenna Gain = + 45 dB (i)

2

opreacing Loss -139 dB(m~

)

1l

Atmospheric Absorption =)»-100 dfr

Radiometer Ant.enna
Effective Ar.a (main 2
beam) = - 1.3 dB(m")

or 44 dB below the radiometer interference level.

*Based on assumed receiver ncise figure of 16 dB.
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17.1.3 cConclusions on Sharing with Fixed and Mobile Services

Lue to the low e.i.r.p.'s envisioned to be employed by
digital fixed and mobile systems and the high atmospheric
absorption which occurs in this band, sharing on a simultaneous

operational basis is feasible.

17.2 1Inter-Satellite Service

The use of radio communication links between space stations
is basically an alternative to employing multiple earth station

antenna systems or multiple-hop torrestrial circuits.

Although thers has generally heen little scudy as to optimum
system configuraticn (frequency, bandwidth, power, link geometry,

etc.), the possible links are:

l) geostationary-to-gecstationary satellite links;
2) geostationary-to-low orbit sateliite links, and

3) 1low orbit-to-geostationary liaks.

Localized areas of interlierence could be encountered by a

spaceborne sensor wvhen: 1) passing through the down-link
tracking beam of the geostationary satellite, 2) in close
proximity to an up link transmitting low-orbiting satellite,

cr 3) pointing (for a limb sounder) directly at the geostationary
satellite. Cumulative side lobe interference from multiple

inter-satellites is not expected to be an important factor.

IIB-17-6
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The following sections discuss the potential for sharing
between Inter-Satellite Service links and passive remote sensors
operating in the frequency band. The analyses presented herein
are based on worst case conditions in order to address the

maximum levels of potential interference.

17.2.1 Geostationary-to-Geostationary Link

The only available documentation concerning geostationary-
to-geostationary inter-satellite links has been developed by
Study Group 4 of the CCIR. This documentation basically dis-
cusses communications between spacecraft less than about 30°
apart in the geostationary orbit and indicates that the
optimum spacing for non-tracking geostationary-to-geostationary
links is frequency dependent. Study Group 4 is studying the
use of non-tracking communication services below 50 GHz.
Therefore, the technical characteristics upon which the under-

lying sharing analysis is based result from a hypothetical

system model which is presented in Annex IV.

The only interference modes, as discussed in Annex 1V,
that are of concern in this link are for a limb sounder main '
beam coupling to either the geostationary satellite side lobes

or main beam.

T

IIB-17-7
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17.2.1.1 Technical Characteristics

Several types of gebstationary-to—geostationary inter-
satellite systems are discussed in Annex IV. The only inter-
ference situation occurs for a limb-sounding radiometer operating
within the transmit frequency band of a geostationary-to-

geostationary inter-satellite system with the following character-

istics:

Required predetection C/N = 10.0 dB
Post detection C/N = 20 dB
Receiver noise figure = 17 @B
Transmit Bandwidth = 2 GHz
Inter-satellite antenna gains = 64.4 dB(i)
Transmit power = 23.3 dB(W)
Inter-satellite spacing = 161.2°

The geostationary satellites utilize 4m antennas which are

capable of tracking the receiving geostationary spacecraft.

17.2.1.2 Sharing Considerations

17.2.1.2,1 Simultaneous Operations

In ordeyr to completely describe potential interference to
spaceborne radiometers from geostationary-to-geostationary
satellite links, a detailed dynamic sharing model is required.

However, an upper bound on the potential for large area

IIB-17-8
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interference situations can be determined under assumed worst
case conditions. The assumed interference geometry pre-

sented herein includes geostationary satellite spacing of

161° (beam grazing a 500 km orbital altitude) and a spaceborne
radiometer orbit inclination and pointing angle (limb sounder)
of the antenna such that main beam to main beam antenna coupling
could exist. Although it is not expected that this interference
situation will ever occur, the following calculation presents an

upper bound on potential interference.

Transmit e.i.r.p. + 87.8 dB(W)
Spreading loss = ~163.3 dB

Radiometer effective area
(main beam & limb sounder)

]
1
(-
w

- 76.8 4B(W)

or 73.2 AB(W) above the interference threshcld of -150 dR(W).

Due to the very narrow antenna beamwidth employed by both
the spaceborne radiometers and geostationary satellites, large
isolation from interterence may be obtained by small changes in
relative orientation of the two satellites. This upper bound
calculation indicates that no more than 3% (see Appendix IV) of
the radiometer orbital sphere would be lost to data measurements

regardless of the radiometer orbital configuration. This upper

IIB-17-9




bound loss would occur only for inter-satellite systems separated
by approximately 160° of the geostationary arc. For systems
separated less than 40° of the geostationary arc, no interference
could be received by the radiometer even when its antenna is
directed at the geostationary satellite. For satellite spacings
of between 40 and 161°, much less than 3% of the orbital sphere

would be lost to data measurements.

17.2.2 Geostationary to Low Orbit Link

A search of national and international data files, as well
as published technical documentation has revealed no current
utilization or plans for future development of a geostationary
to low orbit link in the Inter-Satellite Service in this frequency
band. The sharing analysis present2d herein is, therefore, based
on a theoretical estimate of the technical parameters which would

be required to achieve communications on such a liuk.

17.2.2.1 Technical Characteristics

The technical characteristics of geostationary to low orbit
links in the Inter-Satellite Service have been estimated using
an assumed design employing spread spectrum techniques. The

spread spectrum system design parameters are as follows:

Required predetection carrier to noise ratio = 10 dB
Receiver noise figure = 15 dB
Transmission bandwidth = 2 GHz
Geostationary satellite antenna gain = 60 dB(i)
Low orbit satellite antenna gain = 50 dB(i)

IIB-17-10




The geostationafy satellite transmitter power required to permit

communications over the link can be computed by the following

relationship:

P=N+10dB‘G¢--AR+L

where: N = Receiver noise power

G, Transmitting antenna gain

>
]

R Receiving antenna effective area

L

Spreading loss.

For the above system parameters the required transmitter power

is 34.2 dB(W).

17.2.2.2 Sharing Considerations

17.2.2.2.1 Simultaneous Operations

The worst case interference geometry would be main beam-
to-main beam coupling between the geostationary and the radiometer
antennas when limb sounders are employed. This interference
will occur when the geostationary satellite is tracking a
low-orbit satellite that is in the limb of the earth. The

interference level in this instance is computed as follows:

ORIGINAL PAGE I8
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Transmitted e.i.r.p. 94.2 AB(W)

-2
Spreading loss -163.0 dB(m )
Radiometer antenna effective 2
i ~1.3 d
area (main beam) . B{(m")
Received interference ~70.1 dB(W)

or 79.9 dB above the interference threshold of =150 dB(W). For

nadir looking radiometers, the interference would be 0.9 dB above

the interference level. This interference situation is of such
infrequent occurrence, that the loss of radiometer data would be

negligible.

A limb sounding radiometer will experience interference
whenever its main beam is directed at the side lobes of the
geostationary satellite as seen from the following calculatiors:

Transmitted e.i.r.p.
(0 dB(i) gain) 34.2 dB(W)

Spreading loss -163  dB(m 2

Radiometer antenna 2
effective area (main beam) - 1.3 as(m°)

-130.1 4B (W)

or 19.9 dB above the interference threshold.

11B-17-12
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radiometer, the length of time that interference would be above

Although this level does constitute interference to the

threshold is of negligible impact to data measurements.

Additionally, the value calculated is conservative in that

no consideration is given to potential atmospheric attenuation

at the earth's limb.

Another mode of interference couplings, which could be

more significant, would occur whepever the radiometer passes
!

through the main beam of a geostationary-to-low-orbit link.
In this instance, coupling of the signal would be via the
side lobe of the radiometer antenna, and the resulting inter-

ference level (identical for both limb and nadir radiometers)

is computed as follows:

Transmitted e.i.r.p. 94.2 dB(W)
Spreading loss -163  dB(m %)
Radiometer antenna effective 5
arca (side lobe) - 80.3 4B (m“)
Received interference power © -149.1 @B (W)

or 0.9 dB above the radiometer interference'threshold nf -150 dB{(W).

Consequently, for the interference geometries presented above,
no significant interference will be experienced by the radiometer

due to the geostationary to low orbit link.
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17.2.3 Low Orbit to Geostationary Link

There is currently no available technical documentation
concerning development of a low orbit to geostationary links
in the Inter-Satellite Service in this frequency bénd. It
may be assumed however, that the link design philosophy would
be similar to the geostationary to low orbit link described in

paragraph 17.2.2.

17.2.3.1 Technical Characteristics

The technical characteristics of the low orbit to geostationary
link have been estimated using an assumed design employing spread
spectrum techniques. The design parameters employed are given
in paragraph 17.2.2.1. Using the link calculation given therein,

the required transmitter power is determined to be 34.2 dB(W).

17.2.3.2 Sharing Considerations

17.2.3.2.1 Simultaneous Operations

The amount of interference received by the radiometer from
a transmitter located on a low orbit spacecraft is highly
dependent upon the distance between the two spacecraft, which
can vary from tens to thousands of kilometers. The spreading

loss therefore may fluctuate as much as 60 to 70 dB.

The likelihood of main beam-to-main beam coupling between
the two spacecraft is negligibly remote. The radiometer space-
craft would have to be directly above the low orbit communication

satellites and in juxtaposition with the geoustationary satellites.

IIB-17-14

s



The only potential for large areas of interference would
be from side lobe to side lobe coupling since the gain at most

of the 41 steradians around the antenna is at 0 dB(i) or lower.

The following calculation determines the separation distance
required between two spacecraft in order that side lobe coupling

does not cause interference. ]

Transmitted e.i.r.p. (0 4B gain) 34.2 @B(W)

Radiometer antenna effective

area (side lobe) -66.3 dB(mz)
Interference threshold ~{-150 dB(W))
Required spreading loss : 117.9 4B (m~2)

or a distance of 221 km.

In order for the spacecraft to pass within this distance, tfr2
orbital altitude of the two spacecraft must be within 221 kilometcrs.
If the two spacecraft are to remain within this distance of each
other for a significant amount of time, the basic orbital paramecters

must be nearly identical. It is highly improbable that two spacecruft

would be launched into such similar orbits unless it were a matter of

design.
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17.2.4 Coriclusions on Sharing with Inter-fatellite Service

Interference would Se encounteredi by passive spaceborne
radiometers from operations in the Inter-Satellite Service only
when high gain coupling exists between the antennas of the two
systems. Although it has not been possible to determine the
probability of this occurrence quantitatively (this would
involve a complex dynamic computer médel) it appears that it
would be insignificant and the duration of interference would
be of negligible impact to data measurements. An extreme worst
case model indicates a maximum data loss of less than 3%. More
realistic consideration would indicate that this value is high

by possibly several orders of magnitude.

Additionally, even a 3% loss of data in this band would not
impair operational radiometric measurements since measurements

are being made of large scale atmospherics.

Consequer sharing on a simultaneous operational basis
between these two services is considered feasible and a primary,

co-equal allocation is feasible.
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FREQUENCY BAND 182-185 GHz
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USER REQUIREMENTS

The primary measurements in this band are of ozone and
water vapor. Either limb sounding or geostationary observations

may be made.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolutin is desired. The integration time is
deiermined, not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate from. Typically, this along-track dimension is on the
order of 300 km. 1In order not to take measurements from the same
volume on the next scan, the spacecraft should move at least
300 km before starting a new scan. For a 500 km circular orbit,
a 2 km vertical resolution, and an 84 km vertical scan, a 1 seccnd
integration time is required. For geostationary observations,
the integration, or dwell, time on a resolution element can
theoretically vary from 0 to infinity. However, in order to
make full earth images within the time between dynamic
atmospheric changes, an integration time of one second is

considered a practical maximum for individual spot images.

Measurements in this band require the same sensitivity,
0.2 K, as in all bands above 100 GHz. For a Dicke radiometer
with a 4300 K system noise temperature, a 0.2 K sensitivity,

and one second integration time, a bandwidth of 1850 MHz is

11B-18-1 AL PAGE 15

“h



required. The water vapor line occurs at 183.3 GHz and the ozone
line occurs at 184.75 GHz. Therefore, the overall bandwidth

required covers the 182,3-185.7 GHz range.

Water vapor observations are required four times per day to
provide the data required for automated weather forecasts. Ozone
observations are rquired once per week tc¢ =support seasonal and

long~-term climate studies.

SHARING ANALYSIS

The 182-185 GHz band is currently allocated to Space Research
(passive) Service. It is proposed that the band be shared by the
Radio Astronomy and the Earth Exploration Satellite (passive)
Services., Since the above passive services can inherently share

with another passive service, frequency sharing is featible.

Consequently, primary, co-equal allocations are feasible.

I1B~18-2
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FREQUENCY BAND 200-201.5 GHz
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric /

nitrous oxide. Limb scanning measurements are utilized

due to certain weak emissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, paths through the stratosphere.
Observations are required at and near the nitrous oxide line.
Measurements made at this fregquency require a high, 0.2 K

sensitivity to derect nitrous oxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along~track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. ITn order not to take measurements from the same vclume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The nitrous oxide line occurs

IIB~-19-1
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at 200.9 GHz.
The atmospheric constituents such as nitrous oxide vary
slowly in time, and one observation per week is adequatie to

obtain the required data on seasonal variations.

IIB-19-2

U -




Rl

[P

ot in

SHARING ANALYSIS

The 200-201.5 GHz band ia currently an unallocated portion
of the radio spectrum Regions 1, 2, and 3. Proposed additions
include the Fixed and Mobile Service in all three regions.

The following sections analyze the sharing potential between

passive spaceborne sensors and the Fixed and Mobile Services.

19.1 Fixed and Mobile Services

A survey of available national and international data files
indicates that there are no Fixed and Mobile Service assignments
at this time. It is possible, however, that such use will
occur at a future date. Although the Radio Regulations would
allow fixed and mobile systems in all three regions, it is
anticipated that installations would be concentrated in highly
developed, populated areas, rather than in the more sparsely

populated and oceanic areas.

Fixed and Mobile Service development in the 200 -201.5 GHz
»and can be expected to make use of digital encoding techniques
rather than the analog technology used for fixed and mobile
systems below 15 GHz. It is expected that the systems instal-
led will consist primarily of fixed link facilities employing

relatively high gain antennas.

II1B-19-3

~~ [ - LR EIRRREY. U2 N . - S TET e I e e A enT 8 e e RERD 0 Se BT Tegmemes T



19.1.1 Technical Characteristics

The technical characteristics of the yet undeveloped
Fixed and Mobile Services in the 200-201.5 GHz band are
expe-ted to follow the basic guidelines given in CCIR Reports
387 L, 609 and 610. These guidelines and technical specifica-
tions are concerned with broadband, high capacity digital
transmissions in which a high speed digital signal is used

to mi.dulate the RF carrier by means of phase shift keying.

‘'he prime factors influencing the design and implementation
of radio links in frequency bands above about 50 GHz region
are the amounts of absorption due to oxygen and wat:r vapor,
and the very large attenuations due to rainfall. These factors
limit radio link hops to much smaller distances than convention-
ally employed at frequencies below 15 GHz. It is anticipated
that the allocation for Fixed and Mobile Services in the
201-201.5 GHz »and will be used for intra-city communication

natworks with hop lengths of 1 km or less.

The following calculation of required fixed or mobile
transmit-er power 1s based on an asswuned requirement to
provide a 45 dB fade maryin and a C/I ratio of 14 dB at the

.1xed or mublile receiver:

P = C+FM-G, + 10 log(4mR%) - A

t t R
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where: Pt = required transmitter power i
C = received carrier power to provide C/N*
of 14 dB (-89.8 dB(W)) ;
G, = transmit antenna gain (45.5 dB(i))
R = hop length (1 km)
FM = fade margin (45 dB)
i s
AR = receive antenna effective area (-22.5 dB(mz) N
or a required transmitter power of +3.8 dB(W). ;
19.1.2 sharing Considerations .

19.1.2.1 Simultaneous Operations

e S O S

Normal radiometer sensing in this band will be for sounding ;
of the earth's limb. In this mode, the radiometer antenna is

directed at or above the earth's horizon. o

The worst case interference situation would occur when the
main beam of the radiometer antenna is directed at the main
beam of the terrestrial station. The level of this interfer-

ence would be:

Transmitter Power + 3.8 dB(W)

Antenna Gain = 45 dB (i)
Spreading Loss = -139 dB(m-z)
Atmospheric Absorption = -100 dB '

Radiometer Antenna !

Effective Area = - 2.5 dB(m%) g%lgg‘loll\lLQIE\GE IS

-192,7 4B (W)

* Based on assumed receiver noise figure of 17 dB.

IIB-19-5




or 42 dB below the radiometer interference level.

19.1.3 Conclusions on Sharing with Fixed and Mobile Services

Sharing on a simultaneous operational basis between the
Fixed and Mobile Services and the Earth Exploration Satellite
Service (passive) is feasible due to the low required e.i.r.p.
of digitally encoded fixed and mobile systems and.high attenu-

ation rates in the 200-201.5 GHz band.

Consequently, a primary, co-equal allocation between the
space passive services and the Fixed and Mobile Services is
feasible. The criteria for sharing with digital fixed and
mobile systems is that these systems conform to the specifica-

tions of CCIR Reports 387-2, 609, and 610.

IIB-19-6
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FREQUENCY BAND 225-240 GHz
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USER_REQUIREMENTS

The primary measurements in this band are of stratospheric }

nitrous oxide, carbon monoxide and oxygen. Limb scanning measure-

ments are utilized due to the weak emissions above 100 GHz and hig

atmospheric loss encountered by nadir devices. Limb scanning

instruments utilize long, nearly horizontal, paths through the

stratosphere. Observations are required at and near the nitrous

oxide carbon nonoxide and oxygen lines. Measurements made at this

frequency require a high, 0.2 K sensitivity to detect these

molecules in the presence of water vapor.

The resolution involved in limb scanning is the altitude

resolution obtained and is provided .y, the antenna beamwidth.

A 1-2 km vertical resolution is required. The integration time is {

determined not only by the orbit altitude and antenna resolution,

but by the along-track region from which the bulk of the emissions

emminate. Typically, this along-track dimension is on the order of

300 km. 1In order not to take measurements from the same volume on

the next scan, the spacecraft should move at least 300 km before

starting a new scan. For a 500 km circular orbit, a 2 km vertical

resolution, and a 84 km vertical scan, a 1 second integration

time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one secord integration time, the minimum

bandwidth required is 1850 MHz. The lines occurs at 226.1 (NZO),
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230.5(cO), 235.7(03), 237.1(03) and 239.1(03). Therefore,

the overall bandwidth required covers the 225 to 240 GHz range.
The atmospheric constituents such as the above molecules

vary slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.
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Portions nf the 225-240 GHz band are currently allocated to
the Fixed-Satellite Service, the Radio Astronomy Service and Space
Research (Passive) Service in Regions 1, 2, and 3. Proposed
additions include the Fixed and Mobile Service in all three regions.
Since passive services can inherently share, the following sections
analyze the sharing potential between passive spaceborne sensors and

the Fixed, Mobile and Fixed-Satellite Services.

20.1 Fixed and Mobile Services

A survey of available national and international data files
indicates that there are no Fixed and Mobile Service assignments at
this time. It is possible, however, that such use will occur at a
future date. Although the Radio Regulations would allow fixed and
mobile systems in all three regions, it is anticipated that instal-
lations would be encountered in highly developed, populated areas,

rather than in the more sparsely populated and oceanic areas.

Fixed and Mobile Service development in the 225-240 GHz band
can be expected to make use of digital encoding techniques rather
than the analog technology used for fixed and mobile systems
below 15 GHz. It is expected that the systems i-stalled will

consist primarily of fixed link facilities employing relatively

high gain antennas.
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20.1.1 fTechnical Characteristics

The technical characteristics of the as yet undeveloped Fixed
and Mobile Services in the 225-240 GHz band are expected to follow
the basic guidelines given in CCIR Reports 387-1, 609 and 610.
These guidelines and technical specifications are concerned with
broadband, high capacity digital transmissions in which a high
speed digital signal is used to modulate the RF Carrier by means

of phase shift keying.

The prime factors influencing the design and implementation of
radio links in frequenry bands above about 50 GHz are the amounts
of absorption due to oxygen and water vapor, and the very large
attenuations due to rainfall. These factors limit radio link
hops to much smaller distances than conventionally employed at
frequencies below 15 GHz. It is anticipated that the allocation
for Fixed and Mobile Services in the 225-240 GHz region will be
used for intra-city communication networks with hop lengths of 1

km or less.

The following calculation of required fixed or mobile
transmitter power is based on an assumed requirement to provide
a 45 dB fade margin and a C/I ratio of 14 dB at the fixed or

mobile receiver:

P, = C+ FM - G_+ 10 log (4nR%) ~ A

t R
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where: Py = required transmitter power
C = received carrier power to provide C/N*
of 14 dB (-88.8 dB(W))
Gt = transmit antenna gain (45 dB(i))
R = hop length (1 km)
FM = fade margin (45 dB)

AR = receive antenna effective area (-23.7)
or a required transmitter power of +6.13 dB(W).

20.1.2 sharing Considerations

20.1.2.1 gjimultaneous Operations

Normal radiometric sensing in this band is sounding of the
earth's atmosphere. 1In this mode, the radiometer antenna is

directed at or above the earth's horizon.

The worst case interference situation would occur when the
main beam of the radiometer is directed at the main beam of the

terrestrial station. The level of this interference would be:

Transmitter Power

W

+ 6.13 dB(W)

Antenna Gain = + 45 dB (i)
Spreading Loss = -139 dB(m_z)
Atmospheric Absorption = -100 dB
Radiometer Antenna = - 3.7 dB(mz)

Effective Area

-191.5 dB (W)

* Based on an assumed receiver noise figure of 18 dB.
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or 41.5 4B below the radiometer interference level of -150 dB(W).

20.1.3 Conclusions on Sharing with the Fixed and Mobile Services

Sharing on a simultaneous operational basis between the
Fixed and Mobile Services and the Earth Exploration Satellite
Service (passive) is feasible due to the low required e.i.r.p.
of digitally encoded fixed and mobile systems in the 225-240 GHz
band.

Consequently, a primary, co-equal allocation between the
space passive services and the Fixed and Mobile Services is
feasible. The criteria for sharing with digital fixed and mobile
systems is that these systems conform to the specificat.ons of

CCIR Reports 387-2, 609, and 610.

20,2 Fixed-Satellite Service

A survey of availsble national and international assignment
data files indicates that there are no Fixed-Satellite Service
assignments at this time. It is possible, however, that such nse
will occur at a future date.

Very high powers are required to achieve communications in
this band. It is anticipated that operations in the 225-240 GH2
band would make use of multiple feed high gain antennas resulting
in coverage of national areas by a number of spot beams. A similar
design philosophy would be employed for both up and down links,
to enable frequency reuse in non-adjacent beam patterns. Since
the beam patterns would each serve a relatively small area, a
large number of earth stations is nacessary if the total ~overage

is to include an extensive service area. At least one earth

IIB-20-6
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station would be required for each spot be-m.

20.2.1 Technical Characteristice . ;

The technical characteristics of the as yet undeveloped
Fixed-Satellite Service would be expected to follow the same basic
philosophy proposed for the Fixed-Satellite Systems in lower
allocated bands. This philosophy implies the use of relatively
high gain antennas at both the spacecraft and earth stations
resulting in coverage of a large area by a number of spot beams,

rather than a :.ingle broad beam.

Due to large attenuation of RF signals in the band, large i
powers are required to establish communications in either

direction between earth stations and geostationary spacecraft.

The minimum e. i. r. p. which would allow communications .
over the link at 10° elevation (worst-case for atmospheric
absorption) may be computed from the following formula (a

0 dB fade margin is assumed):

X

P, =N+C/N+FM -G, + 10 log(4nR2) + La - A

t R

t
where: Pt is the required transmitter power
N is the receiver noise power at input

C/N is the required carrier to noise ratio at
the receiver 1i..put (15 dB)

G,_ is the transmit._er antenna gain (65 dBi)

2

10 log(4nR%) is the spreading loss (163 «2{m 2)

L_ is the atmospheric absorption (33.4 dB)

A, is the terrestrial receiving antenna effective
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Required C/N Ratio 15 dB
Receiver Noise Power at Input

(18 dB noise figure in 40 MHz

bandwidth) -110.2 dB(W)
Required Received Power -95.2 dAB(W)
; Receiving Antenna Effective Area -{-3.8 dB(mz)}
Fade Margin 0 dB
Spreading Loss 163 dB(m~2)
] Atmospheric Absorption 33.4 dB
Transmitter Antenna Gain -(+65 dBi)
Required Transmitter Power 40 4B (W)

or 10 kilowatts for both the geostationary satellite and

earth station transmitters.

The spaceborne power requirements for this band are sig-
nificantly greater than current spacecraft capabilities.

Also, a zero dB fade margin would be inadequate.

Thus, on the basis of this analysis, it may be concluded
that it is highly unlikely that use will be made of the band
225-240 GHz for the Fixed-Satellite Service in the foreseeable
future since the communications need can be satisfied at lower

cost through the usage of lower frequency bands allocated

for this service, and since require e.i.r.p.'s to meet link

budgets in this band are impracticably high.
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20.2.2 Conclusions on Sharing with the Fixed-Satellite Services

It is concluded that due to practical considerations and the
availability of spectrum space at lower frequencies that the
225-240 GHz band will not be needed for the Fixed-Satellite Service

within the foreseeable future. The allocation for this service

should be deleted.
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric

nitrous oxide. Limb scanning measurements are utilized

due to certain weak emissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, path; through the stratosphere.
Observations are rcguired at and rear the nitrous oxide line.
Measurements made at this frequency require a high, 0.z K

sensitivity to detect nitrous oxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emiss.ons
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The nitrous oxide line occurs
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at 251.2 GHz.
The atmospheric constituents such as nitrous oxide vary
.slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.
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SHARING ANALYSIS
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The 250-252 GHz band is currently allocated to the Aeronautical
Mobile-Satellite, Maritime Mobile-Satellite, Aeronautical
Radionavigation-Satellite, and Maritime Radionavigation-Satellite.
It is proposed that this band be used for Aeronautical Mobile,
Maritime Mobile, Aeronautical Radionavigation, Maritime Radio-
navigation, Earth Exploration Satellite (passive) and Space
Research (passive).

Since Space Research (passive) can inherently share with
another passive service, the following analysis addresses the

frequency sharing potential with active allocated and proposed

services.

This band was not allocated at all until 1971, when the
! World Administrative Radio Conference - Space Telecommunications
(WARC-ST) made the allocations indicated above. The impermanence
of these initial allocations is demonstrated by the sweeping
: changes which are being considered for U.S. proposals to the GWARC -

1979 as evidenced in the above proposed allocations.

21.1 Technical Characteristics

The utility of these frequencies for aeronautical and maritime
service is an unknown factor, despite the notation in the forthco..irg

FCC 3rd Notice of Inquiry (Docket 20271) that: "This frequency band
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will be used for ship and aircraft communications, position

determination and air traffic control".

All major communications and navigation functions in these
services are now implemented below 5250 MHz, with some experimentation
up to about 15 GHz. The financial viability of budgeting, developing
and procuring several new generations of equipment by the year 2000

is seriously questioned.*

Since no equipment, systems, or plans exist in any published

g g

literature or government reports indicating the technical characteristics :

of equipments or systems in this band, it is unwise to attempt to
postulate the type of system which might operate in the 250-252 GHz
band. A selection of system parameters in this band would be purely

arbitrary and the results possibly misleading.

There are other bands below 250 GHz that are proposed for
allocation +to these same services, 45-50 GHz and 66-71 GHz.
Considering this, it is not reasonable to expect successive
transitions from 5 to 50 to 70 to 250 GHz between now and the year

2000.

* "40 & 80 GHz Technology and Assessment and Forecasting," prepared
by NSL under contract NAS3-19724 to NASA Lewis Research Center,
April 1976.
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21.2 Conclusions

The probability appears very low, that there will be
substantial occupancy of the 250-252 GHz band, by the designated
Services before the year 2000. It is proposed that all services
presently allocated and proposed for use in the 250-252 GHz band
be deleted with the exception of Space Research (passive) and
Earth Exploration Satellite (passive) Services. Sharing on a
simultaneous operational basis between spaceborne microwave

sensors and the Space Research (passive) Service is feasible.
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FREQUENCY BAND 275-277 GHz
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The primary measurements in this band are of stratospheric

nitrous oxide. Limb scanning measurements are utilized

due to certain weak emissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, paths through the stratosphere.
Observations are required at and near the nitrous oxide line.
Measurements made at this frequency require a high, 0.2 ¥

sensitivity to detect nitrous oxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting 5 new scan. For a 500 km circular orbit, a 2 km vertical
re<olution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The nitrous oxide line occurs
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at 276.3 GHz.
The atmospheric constituents such as nitrous oxide vary
slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.
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SHARING ANALYSIS

The 275-277 GHz band is currently unallocated in Regions
1, 2, and 3. Proposed allocations include the Fixed, Mobile
and Space Research (Passive) Services in all three regions.
Since passive services can inherently share with one another,
the following sections analyze the sharing potential between

passive spaceborne sensors and the Fixed and Mobile Services.

22.1 Fixed and Mobile Services

A survey of available national and internatioril data
files indicates that there are no Fixed and Mobile Service
assignments at this time. It is possible, however, that
such use will occur at a future date. Although the Radio
Regulations would allow fixed and mobile systems in all
three regions, it is anticipated that installations would
be concentrated in highly developed, populated areas, rather

than in the more sparsely populated and oceanic areas.

Fixed and Mobile Service development in the 275-277 GHz
region can be expected tc make use of digital encoding tech-
niques rather than the analog technology used for fixed
and mobile systems below 15 GHz. It is expected that the
systems installed will consist primarily of fixed link

facilities employing relatively high sain antennas.

I1IB-22-3
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22.1.1 Technical Characteristics

The technical characteristics of the as yet undeveloped
Fixed and Mobile Services in the 275-277 GHz band Are
expected to follow the basic guidelines given in CCIR Reportcs
387-1, 609 and 610. These guidelines and technical specifica-
tions are concerned with hroadband, high capacity d.gital
transmissions in which a high speed digital signal is used

to modulate the RF carrier by means of phase shift keying.

The prime factors driving the design and implementation
of radio links, frequency bands above about 50 GHz artre the
amounts of absorption due to oxygen and water vapor, and
the very large attenuations due to rainfall. These factors
limit radio link hops to much smaller distances than conven-
tionally employed at frequencies below 15 GHz. It is anticirated
that the allocation for Fixed and Mobile Services in the 275~
277 GHz band will be used for intra-city communication

networks with hop lengths of 1 km or less.

The following calculation of required fixed or mobile
transmitter power is based on an assumed requirement to pro-
vide a 45 dB fade margin and a C/I ratio of 14 dB at the

fixed or mobile receiver:

P =C + FM - G, + 10 log(47R%) - A

t t R
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where: p = required transmitter power

C = received carrier power to provide C/N*

of 14 dB (-86.8 dB(W))
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: Gt = transmit antenna gain (45 dB(i))
! o = hop length (1 km)
FM = fade margin (45 dB)
A = receive antenna effective area (-25.25 dB(mz)

or a required transmitter power of +9.67 dB(W).

22.1.2 Sharing Consiue ations

22.1.2.1 Simultaneous Operations

Normal radiometric sensing in this band is sounding of the
earth's atmosphere. In this mode, tne radiometer antenna is

‘ directed at or above the earth's horizon.

The worst case interference situation would occur when the
main beam of the radiometer is directed at the main beam of the

terrestrial station. The level of this interference would be:

Transmitter Power = + 9.7 dB(W)
Antenna Gain = + 45 dB (i)
Spreading Loss - -139  dB(n %)
Atmospheric Absorption = =100 dB

Radiometer Antenna

Effective Area =

- 5.25 dB(mZ)

-189.5

dB (W)

or 39.5 dB below the radiometer interference level.

*Based on an assumed receiver noise figure of 20 dB.
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22.1,3 Conclusions on Sharing with Fixed and Mobile Services

Due to the low e.i.r.p.'s expected to be employed by fixed
and mobile systems in this band and the high atmospheric
attenuation, sharing on a simultaneous operational basis, with
the Fixed and Mobile Services in the 275-277 GHz band is

considered feasible.

Consequently, a primary, co-equal allocation between these
services is feasible. The criteria for sharing with the Fixed
and Mobile Services is that these systems conform to the general

specifications of CCIR Reports 387-2, 609 and 610.
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SECTION 23
FREQUENCY BAND 300-303 GHz
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric

nitrous oxide. Limb scanning measurements are utilized

due to certain weak emissions above 100 GHz and high atmospheric

loss encountered by nadir devices. Limb scanning instruments ‘
utilize long, nearly horizontal, paths through the stratosphere.
Observations are required at and near the nitrous oxide line.

Measurements made at this frequency require a high, 0.2 K

sensitivity to detect nitrous oxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is -
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The nitrous oxide line occurs

T
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at 301.4 GHz,
The atmospheric constituents such as nitrous oxide vary
slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.
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SHARING ANALYSIS

The 300 to 303 GHz band is not currently allocated either
internationally or in the U.S.. The U.S. Proposed allocations
include government and non-government systems. The non-government
allocation is for the Amateur and Amateur Satellite Services.

The proposed government allocation is for Earth Exploration
Satellite (passive) and Space Research (passive). The analysis
herein is concerned with determining the impact of possible

amateur transmissions on the passive space services.

23.1 Amateur and Amateur Satellite Services

A survey of amateur radio publications concerning activities
of amateur radio operations in the 300 to 303 GHz frequency band
has revealed no current activity or plans for future transmissions.
t may be assumed, however, that should such usage occur, the
power levels used and antenna systems employed would be limited
to what is achievable with the available technology, provided
that maximum levels prescribed by the administrations concerned
are not exceeded. The analysis developed herein is based on
these assumptions. Since it is not likely that an amateur
satellite operating in the band will be launched in the fore-

seeable future the analysis is confined to terrestrial usage.
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23.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped Amateur

and Amateur Satellite services are expected to be defined by the

availability of technology and the imposition of the same regulatory
philosophy as that in effect for presently allocated amateur bands.
Within the foreseeable future, it is not likely that power levels
used by amateurs in this band would exceed a few milliwatts or

watts at most, and that antenna gains would be confined to not more

than 50 dB due to manufacturing tolerance problems and pointing

accuracy 1imitations.> For purposes of the analysis however,
it is useful to estimate the maximum power that an amateur
would be permitted to use, since this figure defines the worst
case from the viewpoint of interference. Several administra-
tions allow amateur radio operators a maximum power of 1000
watts or 30 dB(W) i.e., input power to the final stage of the
transmitter. The remainder of the administrations have lower
power limits. Assuming a 50% efficiency fac*or for the final
stage, the technical characteristics of a maximum power

amateur station are as follows:

Transmitter Power 27 dB(W)

Antenna Gain 50 dB(i)

Transmitted e.i.r.p. 77 4dB(W)
I11B-23-4
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23.1.2 sharing Considerations

23.1.2.1 simultaneous Operations

Since radiometric measurements in the band will be made
primarily by limb sounders, the maximum interference to the
radiometer would occur when the radiometer antenna is directed
at the main beam of a Amateur (=rvice transmitter. The level

of this interference for a single iransmitter would be:

Transmitter Power 27 dB(W)
Transmitter Antenna Gain 50 dB (i)

Spreading Loss -139 dB(m"2)
Atmospheric Loss ~100 dB (as a minimum)
Spacecraft Antenna 2

Effective Area - 6 dB(m")
Interference Power ~168 dB (W)

which is 18 dB below
the interference
threshold of -150 dB(W).
It would be necessary to have about 60 transmitters
simultaneously in view for the interference to exceed the

interference threshold. The probability of such a situation

is negligible,

23.1.3 Conclusions on Sharing with Amateur Service

Due to large atmospheric attenuation in the band, sharing

on a simultaneous opertional basis is feasible.
Consequently a primary, co-equal allocation is feasible.
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric
water vapor. Limb scanning measurements are utilized
due to rertain weak emissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, path; through the stratosphere.
Observations are required at and near the water vapor line.
Measurements made at this frequency require a high, 0.2 K sensi-

tivity for accurate measurement of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track :zegion from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. 1In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperaturé a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz., The water vapor line occurs

I1I1B-24-1




at 325.1 GHz.
The atmospheric constituents such as water vapor vary
slowly in time, and one observation per week is adeguate to

obtain the required data on seasonal variations.
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SHARING ANALYSIS

The 320 to 330 GHz band is not currently allocated either
internationaloy or in the U.S.. the U.S. proposed allocations
include government and non-government systems. The non~-government
allocation is for the Amateur Service. The proposed government
allocation is for Carth Exploration Satellite (passive), Space
Research (passive) and Radioastronomy. Since the passive services
can inherently share the frequency band, the analysis herein is
confined to determining the impact of possible amateur transmissions

on the passive space services.

24.1 Amateur Service

A survey of amateur radio publications concerning
activities of amateur radio operators in the 320 to 330 GHz
frequency band has revealed no current activity or plans for
future transmissions. It may be assumed, however, that
should such usage occur, the power levels used and antenna
systems employed would be limited to what is achievable with
the available technology, provided that maximum levcls
prescribed by the administrators concerned are not exceeded.

The analysis developed herein is based on these assumptions.

24.1.1 Technical Characteristics

Technical characteristics of the as yet undrveloped

Amateur Service are expeci.ed to be defined by the availability

IIB-24-3
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of technology and the imposition of the same regulatory
philosophy as that in effect for presently allocated Amateur
bands. Within the foreseeable future, it is not likely that
power levels used by amateurs in this band would exceed a
few milliwatts or watts at most, and that antenna gains would
be confined to not more than 50 dB due to manufacturing
tolerance problems and pointing accuracy limitations. For
purposes of the analysis however, it is useful to estimate
the maximum power that an amateur would be permitted to use
since this figure defines the worst case from the viewpoint
of interference. Several administrations allow amateur
radio operators a maximum power of 1000 watts or 30 dB(W)
i.e., input power to the final stage of the transmitter.

The remainder of the administrations have lower power limits.
Assuming a 50% efficiency factor for the final stage, the
technical characteristics of a maximum power amateur station

are as follows:

Transmitter Power 27 4B (W)
Transmitter Antenna Gain 50 dB(i)
Transmitted e.i.r.p. 77 4B (W)

24.1.2 sharing Considerations

24.1.2.1 Simultaneous Operation

Since radiometric measurements in this band will be made
primarily by limb sounders, the maximum interference to the radio-
meter would occur when the radiometer antenna is directed at
the main beam of an amateur transmitter antenna. The level of

this interference for a single transmitter would be:

IIB-24-4
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Transmitter Power 27 dB(W)
Transmitter Antenna Gain 50 dB(i)
Spreading Loss -139 d&B(m"?)
Atmospheric Loss -100 dB (as a minimum)
Spacecraft Antenna 2
Effective Area - 6.7 dB(m")
Interference Power -168.7 dB(W)

which is 18.7 dB below
the interference threshold
of =150 4B (w) .
It would be necessary to have about 65 transmitters

simultaneously in view for the interference to degrade sensor

operation. The probability of this sicuatior 1s negligible.

24.1.3 Conclusions on Sharing with Amateur Service

Due to the large amount of atmospheric absorption in this

band, sharing on a simultaneous operatiomnal basis is feasible.

Consequently, a primary, co-equal allocation is feasible.

IIB-24-5

- oot — T ——

o

A



IREERPIENN T LI T SR S v s PRV e
" " =T e T S -7 R S A T e e e e .
r R R R e TN " ., . PN
. - - - E L el w
- .
- ) .

-
- ﬁr § Lt . .
- Nu g PR 5, e o TER R By TR el e e e e . R

3

gy i

-

i

}

t .

: .

H

:

H

: i
; M
1 >
! P
“ i
. M

A b

Lo

SECTION 25
: "“*' o,

FREQUENCY BAND 340 - 350 GHz

; N .
—_—
L

TS SR P Yer SN WP VUM TR CHRRI R R .




(22N - .

USER REQUIREMENTS

The primary measurements in this banid are of stratospheric
carbon monoxide. Limb scanning measurements are utilized
due to certain weak emissions above 100 GHz and high atmospheric
loss encountered by nadir devices. Limb scanning instruments !
utilize long, nearly horizontal, paths through the stratosphere.
Observations are required at and near *the carbon nonoxide line.
Measurements made at this frequency require a high, 0.2 K sensi-

tivity to detect carbon monoxide in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is o
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume o5n
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a ‘84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The carbon nonoxide line occurs

I1B-25-1
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at 345.8 GHz.
The atmospheric constituents such as carbon monoxide vary
slowly in time, and one observation per week is adequate to

obtain the required data on seasonal variations.

IIB~25-2

e o Aol

L o



e vt inen e -

bt oA v+ e = 4 e e e e e e e e e - e - — - R i

SHARING ANALYSIS

The 340-350 GHz band is not currently allocated to any
services. It is proposed that the band be allocated to Earth
Exploration Satellite (passive), Space Research (passive) and
Radio Astronomy Services. Since the above passive services

can inherently share, a primary, co-equal allocation is feasible.
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric
ozone. Limb scanning measurements are utilized due to certain
weak emissions above 100 GHz and high atmospheric loss encountered
by nadir devices. Limb scanning instruments utilize long, nearly
horizontal, paths through the stratosphere. Observations are
required at and near the ozone line. Measurements made at this
frequency require a high, 0.2 K sensitivity to detect ozone

in the presence of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is s
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting ; new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration

time is required.
For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integration time, the minimum

bandwidth required is 1850 MHz. The ozone line occurs

ORIGINAL PAGE i
OF POOR QU

IIB-26-1



oo vy e e o

at 364.4 GHz.
The atmospheric constituents such as ozone vary slowly in
time, and one observation per week is adequate to obtain the

required data on seasonal variations.
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SHARING ANALYSIS

The 360 to 370 GHz band is currently not allocated either
internationally or in the U.S.. The U.S. proposed allocations

include government and non-government systems. The non-government

allocation is for the Amateur Service. The proposed government

| allocation is for Earth Exploration Satellite (passive), Space
Research (passive) and Radioastronomy. Since the passive services

; can inherently share the frequency band, the analysis herein is

confined to determining the impact of possible amateur transmissions

on the passive space services.

26,1 Amateur Service

A survey of amateur radio publications concerning
! activities of amateur radio operators in the 320 to 330 GHz
frequency band has revealed no current activity or plans for
% future transmissions. It may be assumed, however, that
should such usage occur, the power levels used and antenna

; systems employed would be limited to what is achievable with

' the available technology, provided that maximum levels

i
i

prescribed by the administrators concerned are not exceeded.

The analysis developed herein is based on these assumptions.

26.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped

Amateur Service are expected to be defined by the availability
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of technology and the imposition of the same regulatory
philoscphy as that in effect for presently allocated amateur
bands. Within the foreseeable future, it is not likely that
power levels used by amateurs in this band would exceed a

few milliwatts or watts at most, and that antenna gains

would be confined to not more than 50 dB due to manufacturing
tolerance problems and pointing accuracy limitations. For
purposes of the analysis however, it is useful to estimate
the maximum power that an amateur would be permitted to use
since this fiqure defines the worst case from the viewpoint
of interference. Several administrations allow amateur
radio operators a maximum power of 1000 watts or 30 dB(W)
i.e., input power to the final stage of the transmitter.

The remainder of the administrations have lower power limits.
Assuming a 50% efficiency factor for the final stage, the

technical characteristics of a maximum power amateur station

are as follows:

Transmitter Power 27 4B (W)
Transmitter Antenna Gain 50 dB(i)
Transmitted e.i.r.p. 77 AB(W)

26.1.2 Sharing Considerations

26.1.2.1 Simultaneous Operation

Since radiometric measurements in this band will be made
primarily by limb sounders, the maximum interference to the radio-
meter would occur when the radiometer antenna is directed a:
the main beam of an amateur transmitter antenna. The level of

this interference for a single transmitter would be:

IIB-26-4
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Transmitter Power 27 dB(W)
Transmitter Antenna Gain 50 dB(i)
i Spreading Loss -139 dB(mz)
: Atmospheric Loss =100 dB (as a minimum)
Spacecrqft Antenna 2
Effective Area - 7.7 dB(m”)
l Interference Power ~-169.7 4B (W)

which is 19.7 dB below
, the interference threshold
‘ of -150 dB(W).
It would be necessary to have about 93 transmitters
simultaneously in view for the interference to degrade sensor

operation. The probability of such a situation is negligible.

26.1.3 Conclusions on Sharing with Amateur Service

Due to the large amount of atmospheric attenuation in the

band, sharing on a simultaneous operational basis is feasible.

Consequently, a primary, co-equal allocation is feasible.
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USER REQUIREMENTS

The primary measurements in this band are of stratospheric

water vapor. Limb scanning measurements are utilized

due to certain weak emissions above 100 GHz and high atmospheric

, - et s e

RN SR

loss encountered by nadir devices. Limb scanning instruments
utilize long, nearly horizontal, paths through the stratosphere.
Observations are required at and near the water vapor line.
Measurements made at this frequency require a high, 0.2 K sensi-

tivity for accurate measurement of water vapor.

The resolution involved in limb scanning is the altitude
resolution obtained and is provided by the antenna beamwidth.
A 1-2 km vertical resolution is required. The integration time is
determined not only by the orbit altitude and antenna resolution,
but by the along-track region from which the bulk of the emissions
emminate. Typically, this along-track dimension is on the order of
300 km. 1In order not to take measurements from the same volume on
the next scan, the spacecraft should move at least 300 km before
starting a new scan. For a 500 km circular orbit, a 2 km vertical
resolution, and a 84 km vertical scan, a 1 second integration
time is required.

For a Dicke receiver with a 4300 K system temperature a
0.2 K sensitivity and one second integraticn time, the ninimum

bandwidth required is 1850 MHz. The water vapor line occurs
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at 380.2 GHz.
The atmospheric constituents such ar water vapor vary
slowly in time, and one observation per week is adequate to

obtain the requir~d data on seasonal variations.
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SHARING ANALYSIS

The 375 to 385 GHz band is currently not allocated
either internationally or in the U.S. The U.S. proposed
allocations envision sharing betwsen government and non-
government use. The non-government allocation is for the
Amateur Service. The proposed government allocation is for

Earth Exploration Satellite (Passive), Space Research

(Passive) and Radioastronomy. Since the passive services
can inherently share the frequency band, the analysis herein

is confined to determining the impact of possible amateur

transmissions on the passive space services.

27.1 Amateur Service

A survey of amateur radio publications concerning
activities of amateur radio operators in the 375 to 385 GHz
frequency band has revealed no current activity or plans for
future transmissions. It may be assumed, howevar, that
should such usage occur, the power levels used and antenna
systems employed would be limited to what is achievable with
the available technology, provided that maximum levels
prescribed by the administrators concerned are not exceeded.

The analysis developed herein is based on these assuinptions.

27.1.1 Technical Characteristics

Technical characteristics of the as yet undeveloped

Amateur systems are exvected tc be defined by the availability

1IB-27-3
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of technology and the imposition of the same regulatory
philosophy as that in effect for presently allocated Amateur
vands. Within the foresee-ble future, it is not likely that
power levels used by amateurs in this band would exceed a
few milliwatts or watts at most, and that antenna gains
would be confined to not more than 50 dB due to manufacturing
tolerance problems and pointing ascuracy limitations. For
purposes of the analysis however, it is useful to estimate
the maximum power that an amateur would be permitted to use
since this figure defines the worst case from the viewpoint
of interference. Several administrations allow amateur
radio operators a maximum power of 1000 watts or 30 dB(W)
i.e., input power to the final stage of the transmitter.

The remainder of the administrations have lower power limits.
Assuming a 50% efficiency factor for the final stage, the
technical characteristics of a maximum power amateur station

are as follows-

Transmitter Power 27 dB (W)
Transmitter Antenna Gain 50 dB(1i)
Transmitted e.i.r.p. 77 dB(W)

27.1.2 Sharing Considerations

27.1.2.1 Simultaneous Operation

Since radiometric measurements in this band will be made
primarily by limb sounders, the maximum interference to the
radiometer would occur when the radiometer antenna is directed
at the main beam of an amateur transmitter antenna. The level

of this interference for a single transmitter would be:
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Transmitter Power 27 dB(W)

Transmitter Antenna Gain 50 aB (i) §
Spreading Loss -139 dB(mz) ;
Atmospheric Loss -100 dB (as a minimum) :

Spacecraft Antenna 2
Effective Area - 8 dB(m")

Interference Power -170 dB (W)
which is 70 dB below
the interference threshold
of ~-150 AB(W).
It would be necessary to have about 100 transmitters
simultaneously in view for the interference to degrade sensor

operation. The probability of such a situation is negligible.

27.1.3 cConclusions on Sharing with Amateur Service

Due to the large amount of atmospheric attenuation in the

band, sharing on a simultaneous operational basis is feasible.

, .

Consequently, a primary, co-equal allocation is feasible.
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APPENDIX I .
GAIN-RANGE QUOTIENT ANALYSIS 2
Gain-range quotient calculations permit the generation
of a map that pictorially describes the loss of coverage
area that results from interference to a passive sensor.
The gain-range model is based upon a parametric
analysis of potential interference situations. The harmful
interference power, KPH, seei. u& the passive radiometric input
is given by:
APH = 0.2 kAT B (W) (1)
where k = Boltzmann's constant (Watts/K/Hz)
ATrms = Receiver minimum discernible temperature
differential (K)
B = Receiver bandwidth (Hz)
In relation to the interfering source,
P,G,G L2
APH = _E_EEB (i_> (2)
4TR 4w
where: Gt = Gain of transmitting antenna
P, = Power of transmitting source (Watts)
GR = Gain of receiver antenrna
A = Wavelength (meters)
R = Range (meters)
X-~-1
s it Y o DR o B‘w«‘mﬂw ’*"
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Rearranging Equation (2)

' 2
APH(4H) _ GtGR
2 - 2 (3)

Ptk R

In this analysis, the right hand side of Equation 3

is termed the "gain-range quotient" and may be calculated

independently of APH, Pt and A as follows. The area of
the spacecraft's orbital sphere visible to a given
terrestrial station is divided into small incremental
regions called "bins", (e.g. 2° x 2° latitude-longitude
regions, see Figure I-1). For each of these regions, the
gain of the spacecraft antenna in the direction of the
terrestrial station, the gain of the terrestrial station
in the direction of the spacecraft, and a range between
the spacecraft and the terrestrial station may be calculated.
With these values determined, the gain-range gquotient is
known. Under the assumption that the bins are small and
the functions are slowly varying, the gain-range quotient
for each bin is assumed to apply over that entire bin

area.
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If this process is repeated for each bin, a map of
gain-range quotients vs. spacecraft location is achieved.
It should be noted that the gain-range quotient map is,
at this point, independent of frequency, transmit power
and harmful interference power. It is dependent only on
the orbital altitude and specific antenna patterns used
for the spacecraft and terrestrial station. If the
antenna patterns used closely represent the terrestrial
and space systems, then all that need be done to determine
approximate interference regions on the map is to calculate
the minimum tolerable gain-i-ange quotient using APH, Pt' A,

etc. from Equation 3.

The utility of this approach lies on the map-like
presentation of potential interference regions. Passive
spaceborne sensors, are generally used to produce radiance
maps of the earth's surface or atmosphere. The interference
maps indicate regions of the earth's surface which are
unavailable for sensor operation. Figure I-2 presents an
example map. The gain-range program differs from the
Random Interference Analysis Program (Appendix II) in that
it is intended to generate the areas of geographical
coverage lost to a spaceborne radiometer when in view of

a single terrestrial station.
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Figure I-2

Sample Loss of Coverage Area Map
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APPENDIX II

RANDOM INTERFERENCE ANALYSIS PROGRAM

i The Random Interference Analysis Program was developed
to determine the cumulative effects of numerous terrestrial

! stations simultaneously visible to a spaceborne radiometer.

This technique utilizes a random number generator to
place terrestrial stations within the field of view of the
radiometer. The terrestrial stations are located at random
great circle distances from the spacecraft subsatellite
point, and assigned a random pointing direction. Based upon

! the terrestrial transmit power, gain patterns of both the >
terrestrial and radiometer antennas, and range to the space-
craft, the interference power at the input to the radiometer
is calculated. If the calculated level of interference is
above the radiometer threshold, the program notes that one
station caused interference. If the level is not above
threshold, a second station is randomly placed in the region
visible to the radiometer, and its interference power is

; calculated and added to that of the first station. The result

; is again compared to the radiometer threshold. This process

is continued until the radiometer interference threshold is

exceeded.
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In order for this process to generate meaningful results,
it is necessary to repeat the above procedure a large number
of times to obtain a statistically significant number of

samples.

Table II-1 presents an example output of the program,
at the point where the cumulative interference exceeds the
radiometer threshold. Column two indicates the number of
times that the interference threshold was reached or exceeded
for the number of stations in Column 1. For example, row 1
of Table 1I-1 indicates that interference from a single
station, placed and pointed randomly, exceeded the radiometer
threshold 132 times. This corresponds to a 13.2% (based on
1000 total samples) probability. In 319 samples, interference
from two stations exceeded the interference threshold corre-
sponding to a 31.9% probability. For these 1000 data samples,
the radiometer could tolerate no more than 10 stations and
radiometer data was lost whenever 10 or more were simultaneous-

ly in view.
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TABLE II-1

Example Output of
Random Interference Analysis Program i

Number of Times

%‘ No. Interference Probability of
r Stations Experienced Interference (%)
!Z 1 132 13.20
2 319 31.90
3 532 53.20
4 718 71.80
5 859 85.90
6 925 92.50
| 7 972 97.20
| 8 991 99.10 ‘
. 9 998 99.80
10 1000 100.00
I
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APPENDIX III

ANTENNA PATTERNS

Due to the nature of the multifrequency analyses performed,
1t has not been possible to obtain actual measured antenna
patterns. Therefore, it has been necessary to utilize several

mathematical envelope patterns approximating actual antenna

patterns.

1. Passive Radiometer Antenna Patterns

An under-illuminated antenna envelope pattern was developed
to model narrow "pencil" beams, used by radiometers for ob-
taining high resolution maps of the earth's surface. A 90%
berm efficiency (90% of the energy entering the antenna enters
within the -20 dB points) is posculated. The first sidelobe
level is assumed to have a fixed level extending to 5 times the
3 dB half angle, and receives 7% of the energy. The secondory
sidelobe region extends to an off-axis angle of 90°, and
receives 2% of the energy. These sidelobe gain levels are a
reasonable approximation of an under-illuminated pencil beam
antenna. The development of this pattern is based 1 conser-
vation of energy principlies ‘i.e., the gain summed over the
entire antenna must equal that of an isotrope.) Figure III-1

shows the envelope pattern of the simul. ted antenna.
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Figure III-1, Under--sflluminated Antenna Radiation Patter.




2. Terrestrial and Earth Station Antenna Patterns
The parabolic terrestrial and earth station antenna
patterns used in the sharing analyses were based on CCIR
recommended patterns. Specifically, CCIR 395th percentile
peak side-lobe gain patterns given by:
G (8) = 32-25 log (8) for D/X>100
G (8) = 38-25 log (8) for D/X<100
where: G(8) = the side-lobe antenna gaia referenced to
an isotropic (dB(i))
. . . 8 = off-axis angle as seen at the antenna (deg.)
L = antenna dimeter (m), and
A = wavelength (m)
3. Fixed-, Mobile- and Broadcasting-Satellite Antenna Patterns
The refereice radiation antenna patterns recommended fcr
use for broadcasting-satellite antennas is contained in CCIR
Draft Report aF/10~11 Geneva, 1976 and is as follows:
g 5 ‘
3 = d \< ~ e N
Gy 12("4)° for 0 €4 <€1.44¢
G, = -25 for l.44¢o< g<3.16
G. = -/T2.5+25 log,.(5=)7
D Lre- 10 8;-—
for 3.16 ¢c<fo
. ORIGINAL PAGE IS
where: #, = 3 db beamwidth (deg.) OF POOR QUALITY
# = off-axis angle (deg.)
GD = gain discriminaticr
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This pattern very closely approximates that pattern cur-
rently accepted for th2 Fixed-Satellite Service and therefore
it has been used for all the geostationary spacecraft sharing

analyses.
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APPENDIX 1V

INTER-SATELLITE SYSTEM DEVELOPMENTS

1. INTRODUCTION

This annex describes the generalized models used to
determine transmission parameters for satellite links in
the Inter-Satellite Service and presents sample interference
analyses for the 54.9 to 55.1 GHz band. Two types of system
models are considered, a non-tracking communication system
utilizing antennas which are fixed to the body (or despun
portion) of the spacecraft, and a system utilizing tracking-
antennas, i.e., antennas which may be pointed independently
of the spacecraft attitude perturbations. The principal
difference between these two models is that the antenna
beamwidth of the non-tracking system must be large enough
to accommodate the relative angular motions of both the

transmitting and receiving spacecraft.

2. GEOSTATIONARY~TO-GEOSTATIONARY SATELLITE MODELS

2.1 N - -Tracking Inter-Satellite Systems

One of the models used to describe the non-tracking geo-
stationary-to-geostationary inter-satellite systems is based on
information contained in CCIR Document 451-1 (rev 76). ThLis
document cives values for expected satellite relative station-

keeping errors of future inter-satellite systems and are as

follows:

—— ot

TS ..



Altitude variation + 12 km

North/South 8 km

I+

East/West 73 km

I+

These values are relative in that it is expected that the phase
of the cyclic orbital perturbation of the two inter-satellites
would be as closely matched as possible, in order to reduce the
apparent angular motior of one spacecraft as seen from the
other. Figure 1 illustrates the effect of the relative station-
keeping errors in terms of apparent angular displacements as a
function of the geocentric orbital separation of the twc space-

craft.

Figure 1 indicates that for relatively small angular
separations, (e.g., up to about 30°) the altitude variation
causes the largest uncertainty in the location of the space-~
craft, while at large separation angles the dominant factor is

the east-west station-keeping capability.

Since, for the non-tracking system, the antenna beamwidths
must be wide énough to encompass the relative satellite station-
keeping errors, in addition to compensating for the transmitting
satelliter attitude errors, Figure 1 implies that narrowbeam
high-gain antennas car only be utilized when the two satel--

lites are sufficiently separated in orbit.
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Equation 1 gives the power required by the transmitting

satellite as a function of the satellite separations, antenna

diameters, frequency and other link and physical parameters of

the inter-satellite system.

7]
0

where:

o
]

\qQ

lan R ™=
I

C/N =

Three of

(C/N) KT(£f)b ( A )-2
GRGT 41R

mD 2
main beam gain = (=—) n

A
frequency (GHz)
wave length (m)

receiver temperatue = 9000V £/55

power (Watts)
antenna diameter (m)

range (m) = Rg\/Z(l—Cos #)

(1)

geostationary distance to center of Earth

geocentric separation angle (deg)

1.28 x 10723 dBW/K/Hz Boltzmari's constant

bandwidth (Hz)

carrier-to-noise ratio

the terms shown in Equation (1) require elucida-

tion, The receiver noise temperature variation with frequency

is based on a

noise figure of 15 dB at 55 GHz.

The bandwidth

and carrier-to-ncise ratio chosen for the non-tracking model

L
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are 100 MHz and 30 dB respectively. These values are typical
of communication links that may b~ used by Intelsat type traffic

(i.e., generally multiplexed voice-traffic). Since the service

e e o

requirements for commercial traffic are generally quite high,
it is felt that these requirements represent a practical worst
case for development of the transmit power for non-tracking

systems, and therefore for interference to a spaceborne

radiometer.

It should be noted that one of the principal rveasons put
forth by the fixed-satellite community for utilizing inter-
satellite links is the reduction of the time delay which would
occur over a fixed satellite two-hop link. This time delay
could be considerably “educed by utilizing close inter-~satel-
lite relays between spacecraft. However, two inter-satellite
spacecratt having an orbital separation of 30° would have
66% of the time delay of full two-hop system. For this
reason, it would be expected that the commercial voice traffic
would be restricted to inter-satellite communications between

relatively closely space spacecraft.

2.2 Tracking Inter-Satellite Systems

It is possible that inter-satellite systems which do not
utilize "Intelsat-type" traffic will come into existance. For
example, earth resource images, or other types of wide band

digital data, may be relayed between geostationary spacecraft.

- e
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Such systems would require greater information bandwidths than
the previously discussed systems but would carry digital traffic
which is not impacted by propagation delays. For the purposes
of this analysis a digital signal, with a 200 MHz information

bandwidth, is a2ssumed.

Further it is assumed that a post-detection S/N ratio
of 20 dB would be sufficient and that this would be accomplished
via a first detection C/N of 10 dB and a modulation technique
(spread spectrum) yielding 10 dB processing gain. This implies
that the original 200 MHz information bandwidtn would be spread
on the order of 10:1 and therefore the transmitted bandwidth

would be approximately 2 GHz.

2.3 Transmitter Power Requirements

Figure 2 presents the inter-satellite transmit power require-
ment for the tracking-antenna sysiem model and for two different
non-tracking system models as a function of spacecraft orbital
separation. The non-tracking system models are developed by
utilizing an antenna beamwidth large enough to encompass the
maximum anqular area of uncertainty (shown in Figure 1) in
addition to a 0.1° attitude uncertainty. Figure 2 presents the
required power for non-tracking systems with antenna diameter
upper limits of 1.2 and 2 meters. The tracking system is as-

sumed to utilize a 0.1° beamwidth antenna.
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These models lead to parameters which may be reasonable
for inter-satellite systems in the 50 to 60 GHz portion of the
spectrum; that is, maximum antenna sizes of either 2 meters
for the non-tracking system (i.e., compatible with large launch
vehicles) or 4 meters for the tracking systems (compatible with

shuttle-type payloads).

Figure 2 indicates that at 54 GHz the non-tracking system
has an optimum (i.e., minimum power) angular separation. This
occurs because the increased achievable gain as the spacecraft
are separated, more than compensates for the increasing range
between the spacecraft. The minimum power requirement is
reached at the point where the antenna size reaches the indicated
limit even though the relative angular mo:tions of the spacecraft
are still decreasing. From this point on, the antenna gain
remains constant and the transmit power must be increased to
compensate for the increased spreading loss as the spacecraft
separations are increased. At geocentric spearation angles
beyond about 30° the transmitting power regquirements for non-

tracking systems rapidly become prohibitive.

Since worst case interference to a low orbiting radiometer
would occur from geostationary spacecraft communications across

large orbital arcs (and therefore grazing the earth's limb),

the technical parameters of tracking geostationary-to-geostationary

inter-satellite systems are utilized in all sharing analyses to

which this Appendix applies.
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2.4 Interference Analysis Procedure

In order to assess potential interference from geostationary- oo

to-geostationary satellite links it is necessary to make certain
assumptions as to the technical characteristics of the link. A

method by which an upper bound on the potential interference may

be placed is described below.

Since the level of interference received by either a limb
sounder or a nadir-looking radiometer is a functicn of the
orbital separation of the geostationary spacecraft (which
determines the required transmit power and off-axis antenna
gains), the following figures present the interference level as

a function of orbital separation angle of the geostationary

spacecraft.

Figure 3 illustrates the worst case interference level
received by a nauir-looking radiometer when two geostationary
satellites are commuanicating with one another. Additionally,
the interference threshold for the radiometer is shown by the
dashed line. As illustrated in the Figure, no interference
will occur. Interference threshold is approached only when the
main beam of the transmitting inter-sa_.ellite spacecraft ap-
proaches the earth - even in thi- _ase, the interfererce is

10.7 4B below the threshold of the radiometer.
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It should be noted that there has been no allowance made
for atmospheric loss in the interference path in this portion
of this analysis. These losses, however, will provide additional

margin against interference.

The conclusion, then, is that radir-looking radiometers should
experience no interference from geostationary-to-geostationary

communication links in the 534.9-55.1 GHz inter-satellite band.

Figure 4 illustrates the power received by a limb-sounding
radiometer under worst case* conditions as a funccion of the
separation of the inter-satellite spacecraft. The interference
level for the radiometer is indicated by a dashed line :in the

figure.

The peak interference level presented in Figure 4 represents
a main-beam to main-beam coupling situation between the geo-
stationary spacecraft and the limb sounder. Although this
situation in reality would not occur for anticipated Earth
Exploration Satellite orbits, it is presented only to set an
urper bound on potential interference. 1In this example, a maxi-
mum interference level of 68 dB above threshold cou®. Ji-

countered.

In order to bound the area of the orbital sphere i
interference above threshold would occur, it is necess:. T
determine the relative position of the radiometer spacecrait to

provide antenna discriminations equal to 68 dB.

*This worst case condition is defined as the main beam of the
radioreter pointing directly at the transmitting inter-satellite
system.
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Figure 5 presents minimum combined antenna discrimination

as a function of east-west and north-south relative motion of
the radiometer away from the point* of mavimum interference. 1I* can
L seen from this figure that an east-west motion of{ the radiometer
of only 0.5° yields the required discrimination, while a north-
south motion of 12° is required. These argles then, respectively,

{ represent the semi-minor and semi majcr axis of a pseudo-elliptical
region lying on the equator with the long axis (12° x 2 = 24°
in leng*h) oriented in the north-south direction. This region

reprerents about 3% of the "otal 500 kxm orbital sphere.

This 3% loss rep. sents the worst case and for wll other
geometrical configurations the interference area would si¢nifi-
cantly be diminished. Additionally, for geostationary satellite
spacings of less than 70°, no interference would be 2ncountered

by the radiometer, whether nadir looking or limb sounding.

Since this worst case 3% lcss of sensing area would occu:
only for an inter-satellite system communicating across a 160°
arc of the geostationary crbit, and a much reduced interferenc~
region would occur from inter-satell'ite systems operating across
less than 150° of the geostationary orbit, this situation* would not
occur in practice and thr refore it is concluded that limb-sounders

can share with gecstationary-to-geostationary inter-satellite

links.

*Refe;s to hypothetical situations of 1) a polar orbit/side-
looking limb sounder and 2) an equatorial orbit with a long
track pointing of the limb sounder.
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3. GEOSTATIONARY/LOW-ORBIT SATELLITE MODELS

3.1 Sytem Model

The communication system parameters for a geostationary/
low orbit satellite, a 200 MHz information bandwidth
spread over a 2 GHz transmission bandwidth and a required
receive C/N of 10 dB, are assumed to be the same as for

geostationary-to-geostationary inter-satellite systems (see

Section 2.2.). However, because of the more demanding tracking

capabilities required for the up~ and down-links, wider

beamwidth antennas must be utilized.

3.2 Transmit Power Requirements

The technical characteristics of geostationary/low orbit
links in the Inter-satellite Service have been estimated using
an assumed design employing spread spectrum techniques. The

design parameters are as follows:

® Required predetection carrier to noise ratio - 10 dB
e Receiver noise - 15 dB

e .Transmission bandwidth - 2 GHz

& Geostationary satellite antenna gain - 60 dB(i)

e Low orbit satellite antenna gain - 50 dB(i)

The satellite transmitter power required to permit communications

over the link can be computed by the following relationship:
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P, =N+ 10 dB - Gt = Ag + L
where: N = receiver noise power

G, = transmitting antenna gain

A_ = receiving antenna effective

L = spreading loss

For the 54.9 to 55.1 GHz band the required transmitter power is

23.1 dB(W).

The worst case interference geometry would occur if the
radiometer, while scanning the earth's limb, received a main
beam signal from a geostationary satellite within the radiometer
main beam. The interference level in this instance is

computed as follows:

Transmitted e.i.r.p. 83.1 dB (W)

Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)
Spreading loss ~-163.0 dB(m-z)

Radiometgr antenna effective 2

area (main beam) + 8.7 dB(m”)

Received interference power - 80.5 dB(W)

or 76.5 dB above the interference threshold of -157 dB(W). For
nadir-looking radiometers, the interference level would be 2.5 dB
below the radiometer interference threshold. This interference
would occur only when the geostationary satellite points at the

limb.
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The probability of occurrence and the duration of this in-
terference situation is very small. For instance, a typical
polar orbit adjusted for global repetitive coverage would cause
the limb sounder to point to a geostationary satellite only
twice per month. The maximum duration of interference in this
case would be approximately three minutes and constitute less
than 0.8 of one percent of the time. The interference situation

therefore will be an infrequent occurrence and the loss of data

would be negligible.

A limb sounding radiometer will experience interference
whenever its main beam is directed at the sidelobes of the

geostationary satellite as seen from the following calcula-

tions:
Transmitted e.i.r.p. 23.1 dB(W)
(0 dB/1i gain)

Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)
Spreading loss -163.0 AB (m~?)
Radiometer antenna effective 2

area (main beam) + 8.7 dB(m")

Received interference power ~140.5 dB(W)

or 16.5 dB above the interference threshold. Although this
level does constitute interference to the radiometer, the
length of time that interference would be above threshold is
of negligible impact to data measurements. For instance, a
typical polar orbit adjusted for global repetitive coverage
wculd cause the limb sounder to point at the geostationary
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satellite at most twice per month and the duration of inter-
ference would be on the order of 20 seconds maximum (.01%

of the orbital time). Additionally, the value calculated is
conservative in that no account is taken for potential atmos-

pheric attenuation at the earth's limb.

Another potential interference situation is whenever the
radiometer passes through the main beam of a geostationary
satellite. In this instance, coupling of the signal would
be via the side lobe of the radiometer antenna (for both nadir
and limb sounding) and the resulting interference level is

computed as follows:

Transmitted e.i.r.p. 83.1 dB(W)

Bandwidth conversion factor - 9.3 dB (235 MHz/2 GHz)
Spreading loss -163  dB(m %)

Radiometer antenna effective 2

area (side lobe) - 70.3 4B(m")

Received interference power ~159.5 dB(W)

or 2.5 dB below the radiometer interference threshold of -157 dB(W).

Consequently, for the two interference geometries presented
above, no significant interference will be experienced by the

radiometer due to the geostationary to low orbit link.
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3.4 Interference Analysis (Low Orbit Satellite Transmitting)

The amount of interference received by the radiometer from
a transmitter located on a low orbit spacecraft is highly
dependent upon the distance between the two spacecraft, which
can vary from tens to thousands of kilometers. The spreading

loss therefore may fluctuate as much as 60 to 70 d4B.

Since any main beam to main beam couplings are extremely
remote, the only significant potential for interference results

from side lobe to side lobe coupling.

The following calculation determines the distance required
between the two spacecraft in order that side lobe coupling does

not cause interference.

Transmitted e.i.r.p. (0 dB gain) 23.1 dB(W)
Bandwidth conversion factor -~ 10.0 4B (235 MHz/2 GHz)

Radiometer antenna effective

area (side lobe) - 56.3 dB(mz)
Interference threshold -(~158 dB (W) )
Required spreading loss 114.8 dB(m %)

or a distance of 155 km.

In order for the spacecraft to pass within this distance
the orbital altitude of the two spacecraft must be within 155
kilometers. If the two spacecraft are to remain within this
distance of each other for a significant amount of time, the

basic orbital parameters must be nearly identical. It is
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highly improbable that two spacecraft would be launched into
such similar orbits unless it were a matter of design.

Clearly, large areas of interference would not occur.
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